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Torture box here 
shown open 


General Plywood’s tests for warpage 
not single test-door bonded with 300 has failed! 


General Plywood Corporation subjects its hollow 

and solid core exterior flush doors the most severe 

ways testing—the torture test shown 

spread tests the 300 

adhesive...daily shear tests the 3-ply plywood... 

one-ton weight test which demonstrates the 

strength and durability the door and bond. “Like ton bricks—” four weights are laid side 


door supported only each end this weight test! 


tion? normally not more than 
wonder the doors are trade-marked “Gibraltar”! 


Cyanamid’s 300 resin adhesive used for the 
plywood itself, and bond plies the door core. 
This resin adhesive ensures Type fully waterproof, 


AMERICAN COMPANY 


PLASTICS AND RESINS DIVISION 


high-strength bond required for exterior doors. 


Cyanamid resin adhesives can improve your products? 
Write today for complete technical information. 


Canada: North American Cyanamid Limited, Toronto 
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Plywood for the construction industry takes big 
share Reichhold’s production resin adhesives. 
happy make this contribution 
building typified this photo. The plywood 
roof decking shown comes large sheets that are 
put down easily and quickly resulting labor- 
and-cost savings. Moreover, this plywood smooth 
and rigid there’s buckling beneath the finish roof- 
ing material making for really durable roof. 


another constructive 


use for plywood 


made with 


RCI GLUES 


RCI adhesives* are designed for plywood produc- 
tion. Their performance uniformly excellent. 
help assure this manufacturing such basic raw 
materials phenol and formaldehyde our own 
production standards. 


RCI plants and warehouses dot the country 
give you fast delivery wherever you are. Technical 


aid nearby from nationwide field service 
offices. like serve you! 


makes comprehensive line adhesives, including 


proteins, urea-formaldehydes, phenol-formaldehydes and 


Creative Chemistry 
Your Partner 


Synthetic Resins Chemical Colors Industrial Adhesives Plasticizers 
Phenol Formaldehyde Glycerine Phthalic Anhydride 
REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, 
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with Behr-Manning 
abrasive belts 


It’s easy produce super-fine finishes 
molded edges with this abrasive belt 
application. smooth-cutting, long-lasting 
BEHR-MANNING belt running over 
formed rubber wheel Pearson Sander 
does the trick. you’re faced with 
finishing problem, why not let 
BEHR-MANNING Field Engineer suggest 

solution. He’ll quickly prove his 
BEHR-MANNING Demonstration Room. 
Write Behr-Manning, Troy, Dept. 


In Canada: Behr-Manning (Canada) Ltd., Brantford. 
For Export: Norton Behr-Manning Overseas Inc., New Rochelle, N. Y., U.S. A. 


— 


Behr-cat Strapping Tape tight with- India Hard Arkansas Oilstones for 


Garnet Belts are tops for cleaning 


rough edges and glued areas. out damaging wood surfaces. clean, sharp cutting edges. 


ABRASIVES SHARPENING STONES PRESSURE-SENSITIVE TAPES 
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BBE 


You can buy for maximum economy 
any desired quantity tank cars, tank 
transports drums (Carloads LCL). 
Fast delivery from 
throughout the United States. Also 
available Canada. 


You can choose from concentrates 
ready use without dilution. 


You can obtain free engineering assist- 
ance from Chapman Chemical Com- 
pany, including designs and specifica- 
tions for setting your own millwork 
treating system. 


Chapman Penta-WR gives you all 


Write for 
information 
and prices 


CHEMICAL COMPANY 


Dermon Building 
Memphis Tenn. 


WATER REPELLENT PRESERVATIVE 
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Laminators 


row these away! 


plastic covered tops 
flush doors 
cold pressed veneers 


frame-to-hardboard layups 


eliminate: 
See the KWIK-KLAMP PROCESS 
high labor costs action. the National As- 
sociation Furniture Manufac- 
handling hazardous, unwieldy metal turers Show. Booth No. 14-15, 


Conrad Hilton Hotel, Chicago. 
August 28-September 


overcrowding floor space 


unequal clamping pressures 
bent beams causing poor pressure the center 
clamp periods running hours and longer 

human errors clamping 


expensive initial investment 


Details are ready. National field engineer has all the information you need. 


RESYNS Send one your field 


engineers explain the 
PROCESS. 


yl Nome. 
ADHESIVES 
NATIONAL ADHESIVES. Woodworking Depart- 
ment (Resin Division), 270 Madison Ave., 
York 16. 3641 So, Washtenaw Ave., Chi- Address 
32. 735 Battery St., San Francisco 11. 
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21” screen 
for your old 12”? 


F 

Automatic for 
your old washboard? 


will give 
LIBERAL TRADE-IN ALLOWANCE old, 
high frequency generators...from hand guns up! 


You’ve wanted newer, larger and more 
automatic equipment for your electronic 
edge bonding and wood gluing operations 
But your present investment and the 
cash outlay needed was too big 
for your budget. 


NOW, Thermatron offers plan where- 
you can turn your present high fre- 
quency equipment for liberal allowance 
toward newer, larger units that increase 
production and cut costs. 


Plastic 

many 


Thermatron High Frequency Generator 
with automatic controls, specially designed 
for high production edge bonding. actual 
operation, together with batch-type press, 


Thermatron’s automatic power has 
reduced edge bonding production time over 
For complete information, 


telephone now Dept. 
Thermatron Division 


RADIO RECEPTOR COMPANY, INC. 


Radio and Electronics Since 1922 


SALES OFFICES: 251 West 19th St., New York 11, WAtkins 4-3633 
Chicago: 2753 West North Ave. 
Factories Brooklyn, N.Y. 
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matrom 


Just like needs axe that’s keen 
...plywood glue needs melamine! 


LET LAUXITE* MF300 UPGRADE YOUR BONDS 
WITH LITTLE INCREASE COSTS 


Lauxite MF300 special melamine resin 
formulated Monsanto for the plywood in- 
dustry. improves the bonding power and dura- 
bility any urea resin adhesive with little 
increase cost. 

Even small increments Lauxite MF300 give 
high water resistance, more stable glue mixes 
and less critical assembly times. 

you are using 30-35 parts wheat flour, 
you can upgrade your bond adding 10% 
Lauxite MF300 your urea mix—and reduce 
your glue spread under normal conditions from 


LAUXITE: REG. U.S. PAT. OFF. 
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manufacturing costs are maintained. 

10% melamine addition the urea mix pro- 
vides high resistance delamination boiling. 
ranges from hour approximately hours, 
depending wood species. Hot weather problems 
are minimized. 

For technical information how Lauxite 
MF300 can upgrade your bonds, write Monsanto 
Chemical Company, Plastics Division, Dept. FP-8, 
Springfield Mass. 
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ALABAMA 
Smith Lumber Co., Chapman 


ARKANSAS 


The Crossett Co., Crossett 
Dierks Forests, Inc., Mountain Pine 
Southern Lumber Co., Warren 


CALIFORNIA 
California Redwood Association, San Francisco 
Carr Co., Sacramento 
Crane Mills, Corning 
Ivory Pine Co., Dinuba 
National Wood Treating Corp., Oroville 
Scott Lumber Co., Inc., Burney 
Tarter, Webster Johnson, Stockton 
Winton Lumber Co., Martell 
Wood Lumber Co., San Francisco 


GEORGIA 
Southern Wood Preserving Co., Atlanta 


ILLINOIS 
The Dean Company, Chicago 
Electric, Cabinet Plant, Rock- 

Greenlee Tool Co., Rockford 
Edward Hines Lumber Co., Chicago 
Illinois Interior Finish Co., Chicago 
Johnson Carlson, Chicago 
Masonite Corp., Chicago 
Mattison Machine Works, Rockford 
Co., Chicago 
Steger Furniture Mfg. Co., Steger 
Industries, Inc., Chicago 


INDIANA 
The Dunbar Furniture Mfg. Co., Berne 
National Homes Corp., Lafayette 
The Wood-Worker Veneers and Plywood, 
Indianapolis 


IOWA 
Curtis Co. Inc., Clinton 


LOUISIANA 
Hodges Industries, Inc., Shreveport 


MARYLAND 
Wells, Salisbury 


COMPANY SUPPORTING MEMBERS 


MASSACHUSETTS 
Draper Corp., Hopedale 
Heywood-Wakefield Co., Gardner 
Spalding Bros., Inc., Chicopee 


MICHIGAN 
Baker Furniture, Inc., Grand Rapids 
The Dow Chemical Co., Midland 
Everett Piano Co., South Haven 


MINNESOTA 
Machine Co., Minneapolis 
Rilco Laminated Products, Inc., St. Paul 
Wabash Screen Door Co., Minneapolis 


MISSOURI 
Chemical Co., St. Louis 


NEVADA 
Vaughn Millwork Co., Reno 


NEW YORK 
American Defibrator, Inc., New York 
Borden Co., New York 
Peter Cooper Corps., Gowanda 
Georgia Pacific Plywood Co., New York 
Oval Wood Dish Corp., Tupper Lake 
Reichhold Chemicals, Inc., White Plains 
United States Plywood Corp., New York 


NORTH CAROLINA 
Deluxe Saw Tool Company, High Point 


OHIO 
The Baldwin Piano Co., Cincinnati 
Coe Manufacturing Company, Painesville 
The Kirk Blum Mfg. Co., Cincinnati 
Moraine Box Company, Dayton 


OREGON 
Cascades Plywood Corporation, Portland 
Forest Fiber Products Co., Forest Grove 
Mater Engineering, Corvallis 
Neils Lumber Co., Portland 
Oregon Lumber Co., Baker 
West Coast Lumberman’s Assn., Portland 


PENNSYLVANIA 
Company, Pittsburgh 
Firth Sterling Corp., Pittsburgh 
Koppers Company, Inc., Pittsburgh 
Perkins Glue Co., Lansdale 


United States Steel Homes, Inc., Harrisburg 
Wood Metals Industries, Inc., Kreamer, Sny- 
der County 


SOUTH CAROLINA 
Lightsey Brothers, Miley 


TENNESSEE 
Bruce Co., Memphis 
Chapman Chemical Company, Memphis 
Memphis Hardwood Flooring Co., Memphis 
Nickey Bros., Inc., Memphis 


TEXAS 
Wm. Cameron Co., Inc., Waco 
Kirby Lumber Corporation, Houston 
Wynnewood Products Co., Jacksonville 


WASHINGTON 
American Marietta Co., Seattle 
Biles Coleman Lumber Co., Omak 
Cascade Lumber Co., Yakima 
Deer Park Pine Industry, Inc., Deer Park 
Diamond Match Co., Spokane 
Douglas Fir Plywood Association, Tacoma 
The Lumber Co., Longview 
Simpson Logging Co., Shelton 
Sumner Iron Works, Everett 
Weyerhaeuser Timber Co., Tacoma 


WISCONSIN 
The Buckstaff Co., Oshkosh 
Harnischfeger Corp., Port Washington 
Marathon Corp., Green Bay 
Mosinee Paper Mills Co., Mosinee 
Murray Mfg. Co., Wausau 
Paine Lumber Co., Oshkosh 


ALASKA 
Ketchikan Spruce Mills, Ketchikan 


CANADA 

British Columbia Lbr. Mfrs. Assn., 

Canadian Forest Products Limited, New 
minster, 

Canadian Siempelkamp Ltd., Hamilton, 

Kitchener, Ont. 

The Knight Mfg. Lbr. Co. Ltd., 
Ontario 

MacMillan 

Nicholson Son, Ltd., Burlington, Ont 


Limited, 


Don’t Tie Costly Machines for short runs, light work load 


Portable, Low-Cost Rockwell-built DELTA POWER TOOLS 


TILTING ARBOR 
UNISAW 


True universal saw. 
Rugged, accurate 
and versatile. (Also 
available 12” 
model) 


DELTA 13” 
PLANER 


Safest planer ever 
built. Cuts smoothly, 
accurately, any 
thickness from 
5”. 


NEW DELTA 
JOINTER 


bed, 2-way tilt- 
ing fence and dove- 
tail ways give you 
capacity, versatility, 
accuracy. (Also avail- 
able model) 


DELTA 14” 


Takes real work 

load, yet performs 
with micrometer accu- 
racy. (Also available 
20” model) 


WELL | 


DELTA QUALITY COSTS MORE 


8-A 


Money! 


Low-cost, multi-purpose DELTA 
POWER TOOLS will handle large 
number your production operations 
with reliable accuracy. Their porta- 
bility helps you eliminate bottlenecks, 
reduce materials handling, slash costs, 
increase profits. 

find that Delta Tools are 
tough—big enough the job right 
built stay accurate year after year. 


Talk your Delta Dealer about 
NOW. (he’s listed your 
phone book under 
send the coupon. 


Delta Power Tool Division, Rockwell Manufacturing 
700 Lexington Avenue, Pittsburgh Pa. 
Please send Delta Catalog. 
Please send name nearest Delta Dealer. 
Company. 
! 

County. 
ity 
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GRAPHIC TRENDS 


INDUSTRIAL PRODUCTION INDEX 
1947-49* 100 (Adjused for season! variation) 
Source: Board of Governors, = Reserve System. 


Yeorty Averages Monthly Averages 
{Lett hand scole) (Rigm band scole) 


Lumber and Wood Products 
Index of uction 


Index (1947-49+100) 


200 


Index (1947-49100) 
200 


150 


° 
i947 | 1948 | 1949 1952 | «61953 | (1954 (1955 


SOURCE OF COMMERCE COMSTAUCTION REVIEW 


HARDWOOD FLOORING 
COMPARISON WITH AVERAGE FOR SAME MONTH 1947-1949 PERIOD 
PRODUCTION mar SHIPMENTS mar NEW ORDERS 


Statistics 


MOST PROSPEROUS YEAR nation's 
history 1955 forecast Com- 
merce Sec. Weeks industrial peace 
can maintained country's key 
industries. Favorable indicators 
May included: (1) employment set new 
high for that month; (2) retail sales 
topped year-ago level heavy $1.1 
billion; (3) industrial production 
hit 137% 1947-49 average, only 
Slightly below record level mid- 
1953; (4) personal income was running 
record-smashing annual rate 
$295.6 billion. 

-Veneer Newsletter 
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BUSINESS OUTLOOK 


TENTH CONSECUTIVE MONTHLY INCREASE 
wholesale price index for building 
materials was recorded April. 
Fractional rise 0.5 points moved 
index all-time high 123.3. 
general, prices remained stable 
increased April, were per cent 
above same month last year. Small ad- 
vances prices most types lum- 
ber and for prepared paint caused most 
rise. 


Review 


PEAK FURNITURE PRODUCTION volume 
attained second quarter '53 
nearly being equalled present, 
according survey wood household 
furniture industry Seidman Seid- 
man. The accounting firm reports 
furniture shipments 1954, manu- 
facturers' prices, topped $1.5 bil- 
lion, were about $150 million less than 
record volume 1953, 


ACCURATE DEFINITION materials 
radio and cabinets required 
advertising promotion under new 
rules passed FTC. Designed pro- 
tect consumer from deception imita- 
tion materials, law requires that 
materials fully described whenever 
composition cabinets mentioned 
board, photographic printed wood 
grain surfaces must clearly 
labeled. 


HIGHER TARIFFS and quotas im- 
ports foreign-produced hardwood 
plywood asked domestic producers 
was turned down Tariff Commission, 
which said imports are not quanti- 
ties cause threaten serious 

Forestry 
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The Perkins Trade Mark your guarantee quality. and relia- 
bility when you purchase glues. Since 1899, customer-confidence 
Perkins has grown steadily—a deserved tribute superior 
products backed competent service and rigid ethical standards. 
When you use Perkins Glue agree 
with other leading woodworkers—that Perkins serves you best! 


Hot Press and Cold Press Liquid Powder Type 
CASEIN—A broad line meet your specific requirement 
VEGETABLE originated and perfected Perkins Glue Co. 
ANIMAL Ready-to-use Liquid Heat-then-use Gel 

e 
VENEER AND CORE REPAIR COMPOUNDS VENEER SIZE 
GLUE ROOM SPECIALTIES MIXERS SPREADERS BRUSHES 
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the Perkins Technical Service 
gluing methods will study your 
unbiased 


SOCIETY NEWS 


Challenges Stanford Report 
Head Technical Program 
Region Meeting 


full-day discussion the well- 
known Stanford Report will highlight 
the technical program the FPRS 
North Central Regional Meeting 
Chicago Nov. 15-17. The meeting, 
sponsored the Midwest, Great 
Lakes, and Upper Mississippi Valley 
Sections, will held the Blackstone 

Industry leaders will discuss what 
their branch the industry doing 


meet the challenges presented 


the report the morning session Nov. 
16. The afternoon session will de- 
voted full discussion with the 
audience the implications the 
report. Weyerhaeuser Timber Co. 
sponsored the study Stanford Re- 
search Institute and released the re- 
port, Demand for Wood 
late last year (see Oc- 
tober 1954 JOURNAL). 

The regional meeting will coincide 
with the Diamond Jubilee meeting 
the American Society Mechanical 
Engineers Chicago Nov. The 
Wood Industry Division A.S.M.E. 
will hold one-day meeting 
ticle board Nov. 14, under the pro- 
Tentative plans call for the FPRS 
meeting follow with three full days 
technical sessions. 

The FPRS meeting will open with 
session Nov. Composition Board 
Furniture and Millwork. Speakers 
will discuss design new products 
and combining composition board with 
other materials, following the theme: 
“We've got composition board—now 


IMPORTANT FPRS DATES 
Oct. Northeast Section 


Meeting, Prince George Ho- 
tel, New York City. 

Nov. Mid-South Section 
Meeting, Peabody Hotel, 


Memphis, Tenn. 

Nov. 15-17: North Central 
Region Meeting, Blackstone 
Hotel, Chicago, Ill. 


Nov. FPRS Executive 
Board Meeting, Blackstone 
Hotel, Chicago, Ill. 

June 4-7, 1956: FPRS NA- 
TIONAL MEETING Ashe- 
ville, 

June 24—27, 1957: FPRS NA- 
TIONAL MEETING Buffalo, 


North Central Region Meeting Steering Committee met Madison, 


Wis., August plan meeting details. Around table left are: Joe 
Allegretti, Jack Koellisch, Fred Loveland, Henry Crandall, William 
Kluender, Patronsky, Frank Rovsek; right: George Stanley 


and Wayne Lewis. 


where from The af- 
ternoon session Nov. will consist 
discussions wood use furni- 
ture manufacturing, including institu- 
tional and office furniture. 

Wood By-Products, with emphasis 
chemical utilization, will the 
program topic the morning session 
Nov. 17. Section business meetings 
will held the conclusion this 
session. the afternoon, Hardwood 
Plywood will discussed industry 
representatives. Plans are being ar- 
ranged for tour the Fine Hard- 
woods Museum closing feature 
the meeting. 

North Central Section Chairmen 
will serve program vice-chairmen 
for three technical sessions. They are: 
Wayne Lewis, Midwest, Composition 
Board; Stephen Preston, Great Lakes, 
Furniture Manufacturing; and Fred 
Loveland, Upper Mississippi, Wood 
By-Products. Fleischer, FPRS 
Veneer and Plywood Subject Matter 
Committee Chairman, will program 
vice-chairman for the Hardwood Ply- 
wood session. 

Preliminary plans for the regional 
meeting were formulated meeting 
Madison, Wis., August Members 
the steering committee attending 
were: George Stanley, Technical Pro- 
gram Chairman; Joe Allegretti, Gen- 
eral Arrangements Chairman; Jack 
Koellisch, Publicity Chairman; Wil- 
liam Kluender, Finance Chairman; 
Patronsky, Wayne Lewis, Henry 
Crandall, Fred Loveland, and Frank 
Rovsek. Unable attend were: Rob- 
ert Hiller, Regional Board Member 
and General Chairman; Forrest Beil, 
Stephen Preston, Robert Brooks, and 
representatives the Ohio Valley 
Section. 


Subject Matter Committee 
Chairmen Appointed for 


Chairmen FPRS subject mat- 
ter committees for the past year have 
all accepted re-appointment for 
56, announced Frank Kau- 
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fert, Vice-President and Committee 
Co-ordinator. 

The Chairmen are: Chemical Utili- 
zation, Reavis Sproull; Education, 
Panshin; Glues and Gluing, 
Alan Marra; Logging and Milling, 
Fred Simmons; Marketing, Philip 
Creden; Packaging, Kenneth 
Kruger; Quality Control, Charles 
Latimer; Veneer and Plywood, 
Fleischer; Wood Composition Board, 
George Marra; Wood Drying, Leif 
Espenas; Wood Finishing, Sig- 
urd Johnson; Wood Machining and 
Equipment, Patronsky; and 
Wood Preservation, Ira Hatfield. 


FPRS SCOREBOARD 


Bob Smith 


new milestone the history 
the FPRS was reached this month 
when the number memberships and 
subscriptions climbed over the 3,000 
mark. new members gained during 
July pushed the grand total 3,030. 

Whether can maintain this 3,000 
figure will depend great extent 
how many our members who 
have not yet paid their 1955 dues 
come through. Experience snows 
that each year lose some 200 mem- 
dues. you want help: send 
your own dues already done 
so, and help get just new 
member! 

the National Meeting held 
Seattle, banner awards were made 
the top three sections for outstanding 
membership activities during the past 
year. Receiving prize was Tony 

(Continued page 32-A) 


the Cover 

Ingredients for core (top) and faces 
(bottom) for Clark process board 
(right) are shown actual propor- 
tions wood, wafers, wax, and phe- 
nolic resin. (See page 209.) 


ews-Digest, Continue 
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provide strength, safe construction, resistance 


ultra-modern Florida buildings 


Cocoa High School Auditorium, Cocoa, Florida 
Architects: Griffin and Gomon, Daytona Beach, Florida 
Contractor: Edward Fleming, Miami 


KOPPERS 


The beautiful new auditorium and gymnasium 
the Cocoa High School Cocoa, Florida, are good 
examples how laminated wooden structural mem- 
bers are being used modern buildings. The arches 
and beams these two school buildings were de- 
signed and manufactured Unit Structures, Inc., 
Peshtigo, Wisconsin, and were laminated with “Pen- 
acolite” Adhesives, made Koppers. 

These arches give great structural strength without 
excessive weight. completely functional design was 
possible these buildings because large areas could 
spanned (96’ the auditorium, 128’ the gym) 
without sacrificing any the valuable floor space for 
supporting posts the base each arch outside 
the building. 

All the laminating was done with “Penacolite” Ad- 
hesives because they form bonds strong the wood 
that can counted upon maintain 
their strength despite age, exposure water and 
weather, stress and strain, temperature extremes. 

Adhesives are easy use too. They 
cure quickly—in few hours room temperature, 
just few minutes higher temperatures. For 
the facts Adhesives and their many 
uses, write Koppers for free, illustrated literature. 


KOPPERS COMPANY, INC. 
Chemical Division, Dept. Koppers Bldg., Pittsburgh 19, Pennsylvanic 


The original waterproof, room-temperature-setting adhesives 
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WILCO 
REFUSE BURNER 


Solves Waste Problem 


Waste Mississippi Products 
Co., Jackson, Miss. success- 
fully handled the 40’ di- 
ameter Wilco Refuse 
Burner pictured. The conveyor 
carries sawmill waste and the 
collector feeds waste from the 
furniture plant. 


Three models, sizes Wilco 
Refuse Burners means there 
one fit every size plant, 
every budget. and 
models are avail- 
able 25’ 80’ diameters, 
model, 15’ and 
diameters, priced from $800. 
Write, wire phone for com- 


plete details, stating waste 
volume. 


WILCO 


MACHINE WORKS 
1301 North Hollywood 


Memphis Tennessee 


COLUMN 


Our “Population” Yardstick 


REAL PLEASURE and honor 
address you your new president. 
wish thank our twenty-nine hun- 
dred members and Society officers for 
your confidence naming this 
sors have set high 
standards; and 
shall best 
the next year 
parallel them. 

One the 
deep concerns 
about which 
hear much today 
the loss 
wood markets. 
one extent this 
good sign, for shows that are 
becoming increasingly aware the 
encroachment competitive materials. 
However, the long run, any pro- 
longed reaction pessimism should 
quickly make way for one optimism; 
that is, provided that each 
sincerely trying something, how- 
ever seemingly insignificant, im- 
prove our understanding and use 
our raw material. 


have but reflect that accord- 
ing the most recent Census 
figures, forest products ranks fourth 
among all our basic industries 
the value goods added manufac- 
ture, some thirteen billion dollars! 
are superseded only metals, food 
and textiles. are followed 
chemicals, petroleum, coal and rubber. 


Overfamiliarity with wood for many 
centuries has perhaps dimmed our 
alization how truly basic, beautiful 
and versatile wood industrial 
raw material. 


CHRISTIAN 


Perhaps our greatest basis for 
flecting optimism over the future 
forest products lies our population 


Back Issues 


Journal Wanted 


Vol. No. April 1952 
Vol. Il, No. June 1952 
The Executive Office will pay 


each, plus postage, for cop- 
ies good condition each 
the above issues the 
Journal. Send FPRS, Box 
2010, University Station, Madi- 
son Wis. 
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and living trends, and concerns the 
people who will ultimately buy our 
products and services. understand 
that the Commerce Building, Wash- 
put there means visu- 
alizing what happening our popu- 
lation. 


The focal point this exhibit 
which turns new 
number every twelve seconds. Stand- 
ing for few seconds look the 
lights flashing and off represent- 
ing births, deaths, immigrants, emi- 
grants and net population gain, one 
amazed the rapid change the 
numbers the over 
which inscribed the words, 
mated Population the United States, 
including Armed Forces Overseas, 
Now:” 


noon, several months ago, this 
figure was 164,655,642. One hour 
later had changed 164,655,942, 
three hundred more. The legend 
which explains the light flashing 
and off tells that there is: One birth 
every seconds; one death every 
seconds; one immigrant every min- 
utes; one emigrant every minutes; 
result: one additional person every 
seconds. enough more people 
one month equal city the size 
Richmond, Virginia, state the size 
Maryland year, and enough 
people for another California every 
four years. 


The thought would like leave 
with you that, barring unforeseen 
world conflict, provide the raw ma- 
terials and the many new products 
which are continually raising our 
standard living, the challenge 
our forest products industry and 
you member that industry. 

President 


Buy Your FPRS Lapel Pin Now 


FPRS lapel pin will identify you 
active supporter wood indus- 
try research and progress. These attrac- 
tive pins are available for cents 
each, with framable member- 
ship certificate. Order from FPRS, Box 
2010, University Station, Madison 
Wis. 
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PLANT 
Greenlee Double-End Tenoner cuts costs fast 


Many manufacturers have increased production, refined the quality 
their products, and reduced unit costs substantially with 
No. 545 Double-End Tenoner. This versatile machine 
performs many cost-cutting operations. holds exact sizes over 
long production runs, thus eliminating costly fitting” 
takes the place several single-purpose machines and results 
highly streamlined, efficient production flow that produces finer 


products...in less time...at less cost...to meet 


market demands. 


Write for Bulletin No. 545 GREENLEE BROS. CO. 
1758 Twenty-First Avenue, Rockford, 


TYPICAL EXAMPLES WORK 
PRODUCED THE GREENLEE 
DOUBLE-END TENONER 


Dadoing, scoring, dovetailing, 
relishing, 
ing, and irregular shaping are 


among the separate operations 
hown below are few examples 


Dadoing window frame stiles 


Beveling and cutting clamp 
nail grooves 


Sizing, tenoning, and coping 
door rails 


GREENLEE 
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we 
Blind dadoing and relishing panels 
. 


GUEST EDITORIAL 


Wood—America’s Potential No. Industrial 
Raw 


PAUL DUNN 


‘Technical Director Forestry, St. Regis Paper Co., 
New York, 


FOREST AND RELATED RESOURCES the con- 
tribute the economy variety timber products, 
valued $13 billion 1952, and unmeasurable quan- 
tity other direct and indirect economic and social bene- 
fits that may exceed importance the timber values. 

Potentially, wood has more desirable features raw 
material than its competitors. Its natural beauty far exceeds 
that other materials. The warmth its texture more 
desirable the touch. Its greater versatility makes 
adaptable more products, better able serve man 
more ways. addition, plentiful supply and con- 
stant availability make the logical material for ever 
expanding scope use! 

The point has all the inherent potentials 
make and keep the No. raw material industrial 
America. Industry has not developed the full potentials 
the entire tree. into products that would discourage at- 
tacks wood markets before they even started. have 
been too slow enhancing the natural advantages wood 
increasing its strength, its toughness, its resistance 
fire and other destructive elements. 

Product and process improvement and development 
through research prime necessity solving wood’s 
market problems. Until only recently the level research 
the lumber industry was far below the general industrial 
average. Even with the impetus given wood research during 
World War II, still does not approach the intensity 
developmental research being practiced the metal, chem- 
ical, and plastics industries, many whose products are 
direct competition with wood. 

The total national income 1953 was $300 billion and 
the amount spent for all research was approximately per 
cent, $3.8 billion. Forestry and forest products research 
entailed only about 0.012 per cent this total budget. 

Despite its limitation inadequate financing, forest 
products research has nevertheless been productive. has 
modified processes and products point where many 
them are scarcely recognizable today; has provided 
new and important markets for wood; and has helped 
wood compete with other materials. can said with 
certainty that without research many more 
kets would have been lost and that wood products wouid 
not enjoy the strong competitive position for many uses 
that they present. 


Developments Through Research Since 1930 


Timber Harvesting: Development power saws. 
The adaptation tractors and trucks and development 
skidding and loading equipment. the gum naval 
stores field, acid stimulation resin flow, new tools, new 
chipping techniques. Chemical treatments protect logs 
insect and fungus attack during storage. Economic 
and product-yield studies showing feasibility under various 
conditions pre-logging, post-logging, bundling prod- 
ucts for more efficient handling. Chemical debarking, 


still its infancy but significant and potentially impor- 
tant development. 


banquet address First Northeastern Loggers’ Congress, 
Falls, April 26, 1955. 
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Processing: Successful hydraulic and mechanical 
whole-log barkers. New equipment and techniques for 
manufacture hardboards, insulation boards, flexible in- 
sulations, numerous paper products, briquetting wood 
wastes, incising poles and ties, manufacture plywood, 
laminating all types gluing, seasoning 
lumber chemical, vapor, and kiln-drying processes, mak- 
ing alcohol, wood sugar, molasses, and yeasts from wood 
wastes and pulping liquors, and many other products. 


New Products: High wet-strength papers through 
incorporation synthetic resins. Resin-impregnated 
papers making products which compete with metals, 
plastics, ceramics, and other materials. Lighter, stronger, 
and more economical containers from paperboard, veneer, 
and lumber various combinations. Sandwich con- 
structions using paper, plywood, and other materials. 
Douglas-fir and redwood bark products. Synthetic resin 
glues excellent quality capable producing glue joints 
more durable than wood glues. Laminated arches and 
ship timbers special form and uses. Chlorinated phe- 
nols wood preservatives. Leaching-resistant water- 
borne wood preservatives. 10. Wood particle boards. 11. 
Moisture repellents and preservative solutions for use 
millwork and similar products. 12. 
meters and high frequency gluing equipment. 


Important Problems Yet Face 


Every segment the forest products field presents chal- 
lenges for fundamental applied studies. One example 
fire retardants. Wood’s combustibility serious short- 
coming, resulting its being replaced many fields 
use. lack fundamental knowledge respect the 
structure, physical properties, mechanical properties, and 
chemistry wood and bark; the movement liquids 
through wood; deterioration wood insects and fungi; 
drying, gluing, painting, machining wood; and the 
effect various chemicals and other materials wood. 

Present day research points ways making old prod- 
ucts with less waste and devise new ways further 
processing what now wasted. Research has obtained more 
information waste reduction than has been generally 
applied, but must keep out front the demands 
made it. 


Research needed develop: cheaper methods col- 
lecting and transporting logging waste; new improved 
pulping methods utilize less desirable species and unused 
portions trees cut for other products; more efficient 
means reducing wood sugar and lignin, converting 
food yeast from sulfite waste liquor, utilizing sulfite lignin, 
and utilization small dimension pieces from slabs, short 
logs, and parts tree stems. 


The small investments that have been made research 
the present have paid rich dividends, but must 
step our efforts the future forest products are 
retain and strengthen their competitive position against 
substitutes that have had their origin research and are 
now investing larger part their earnings research. 
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The bearing cap held tightly place against the 
inner face the bearing enclosure. This cap, with 
its close running clearances, keeps grease from the 
interior the motor retains ample supply 
within the bearing enclosure. 


the outer side the bearing, double labyrinth 
seals keep grease in, also keep dirt out. What’s more, 
large grease reservoirs act additional dirt traps. 


You can lubricate these bearings without disman- 


ALLIS-CHALM 
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Double-shielded bearing 
Large grease reservoirs 
Bolted-on bearing cap 
Labyrinth seals 


tling motor. Pipe-tapped holes the bearing hous- 
ings two points provide means for inserting new 
grease, flushing out old grease and relieving pres- 
sure during 


Look for the extra bolts the end 
the sign greater value. Ask your 
representative Authorized Distributor show 
you cutaway section this maintenance-cutting 
design. write Allis-Chalmers, Milwaukee Wis- 


consin, for Bulletin 51B7225. 
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New Dry Process Multi-Ply 


JAMES d’A. CLARK 


Consulting Engineer, Longview, Washington 


Describes new dry process for making composition board 
from whole, relatively thick, cross-cut wafers with ends tapered 
thickness. Core stock with modulus rupture over 3,000 psi 
density 0.65 can made with less than per cent phenolic 
resin. Fully automatic equipment was designed for producing, stor- 
ing, feeding, felting, and pressing the wafers, loading and un- 
loading new type multi-opening press, and heat trearing, condi- 
tioning, trimming, and cutting the finished boards. 


THE PAST DECADE consid- 
erable interest has been displayed 
all over the world the 
hard and medium-hard structural 
boards from wood, especially residue 
wood that otherwise might wasted. 
Several different processes have been 
developed are under development 
and the selection one suitable for 
given purpose usually involves mak- 
ing series choices order com- 
bine several different possible steps. 
This paper briefly discusses the main 
processes and more fully describes one 
selected for commercial operation 
Sandpoint, Idaho. 


Wet, Moist and Dry Processes 


primary decision whether the 
process should wet, moist, dry, 
each which has its advantages. 

Choosing wet process restricts the 
choice the raw material fine, 
fibrous, flexible wood elements pre- 
mechanical pulping process, usually 
after reducing the wood small 
the occurrence some degree pa- 
permaking bonding between the fibers 
added cost. However, this 
offset the comparatively high ex- 
penditure for the heavy equipment 
needed reduce the wood suit- 
able pulp, form the slurry into 
wet mat, and press and dry the 
product. some locations impor- 
tant consideration the supply and 
disposal process water, usually 


FPRS Ninth National Meeting, June 21-24, 
1955, Seattle, Wash. 


The Author: Dr. Clark was educated 
Africa, and Civil and Mechanical Engineering 
London. was chief chemist Bowa- 
ters Paper Mills, Ltd., London, from 1922-29; 
engineer, Mead Corp., 1931; 
cal director, then engineering 
manager, Scott Paper Co., 1939; 
Institute Paper Chemistry, 1942; 
Lt. Col. Quartermaster Corps, 1946; 
and been engineer since 1946. 
also president Sylvan Engineerin 


and Changewood Corp., Chicago, 


amounting least 3,000 gallons 
per ton board. 

The choice moist, instead 
wet, felting process eliminates the cost 
the cylinder fourdrinier machine 
and associated liquid handling equip- 
ment, and the water supply and dis- 
posal problem. However, without the 
water, the natural bonding between 
fibrous elements reduced. Also, not 
much relief offered from the high 
cost the preparatory equipment and 
power needed make the fibrous ele- 
ments, which also should flexible. 

Going one step further, the choice 
dry process removes restrictions 
from the choice the type fibrous 
elements. Especially mechanically 
prepared fibrous elements are selected, 
dry process has the advantage re- 
quiring substantially smaller plant 
investment per ton product. 


Board Density 


The type and shape the woody 
element selected has considerable in- 
fluence where the optimum den- 
sity the resulting boards will be. 
Boards having higher density have 
much higher strength and are harder. 
However, they suffer the disadvantages 
increased raw material usage 
for given board thickness; have 
greater tendency warp, shrink, and 
blister; and shipping and 


handling 


costs are higher. Because this, in- 
creasing the density boards, in- 
crease their strength and thereby re- 
duce their demand for expensive 
binder, not panacea. 


general terms, may stated 
that with any dry process, the smaller 
and finer the chosen woody elements 
may be, the higher becomes the opti- 
mum board density; alternatively, the 
greater the resin usage make 
board having the same strength 
given density. result this, and 
also with the extra cost 
preparing and dry flexible fibers, the 
coarser inflexible types woody 
elements particles are preferred for 
most dry processes. 


bonds can developed 

tween adjacent elements, the use 
binding agent mandatory. Differ- 
ent types woody elements require 
different proportions binder 
make board having given strength. 
The cost the binder, from about 
small quantities, usually represents the 
greatest single cost the board com- 
position. Thus choosing dry 
process, both the kind particle and 
the quality binder requires must 
carefully considered together. 


Types Woody Elements 


Besides the flexible 
pared semi-chemical semi- 
mechanical process, there are four 
other main types particles which 
are used for the core synthetic wood 
boards. All these are relatively 
inflexible. 


First are the finer heterogeneous 


Fig. 1.-—New plant Pack River Lumber Co. Dover, Idaho. Plant will produce 50—60 tons 


per day Clark Process semi-hard board from mill and edgings. 
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1% 
waste particles derived from wood 
it 


working plants, such sawdust and 
planer shavings. Second are the short, 
coarse particles (about inch 
thick) produced the mechanical 
reduction small pieces wood 
wood waste hog hammermill. 

The third type are the long, narrow 
particles derived from pieces wood 
with narrow cutting edge held per- 
pendicular the wood fibers and cut- 
ting between them along the grain. 
Fourth are the either narrow wide, 
long, flat particles cut from pieces 
wood with wide knife edge held 
parallel the wood fibers and cutting 
between them across the grain. the 
third and fourth types, combined 
separate cutting edges are provided 
define the width the main cut. 

Wide, flat, intact particles, 
fers,” fourth type, are believed 
the most desirable for the body core 
many boards, especially those hav- 
ing low medium densities. These 
products are the subject several 
pending patents. 

The use narrow (thin) cross-cut 
wafers particularly derived from the 
gentle disintegration relatively thin 
cross-cut elements described the 
joint Patent No. 2,689,- 
092, assigned others. Experiments 
have indicated that the finer material 
needs more resin for 
tural strength and better suited 
the manufacture boards 
higher ranges density. 


Wafer Characteristics 


The first cross-cut wide particles 
wafers experimented with had vertical 
square-cut ends. When these were 
mixed with resin and felted together 
was found that, unless they were 
cut very thin, the effect the abrupt 
ends was introduce hair-line cracks 
the body the board. Then when 
the board was broken bending, 
failure invariably started from one 
these cracks. 

This effect limited the optimum 
thickness wafers with abrupt ends 
about 0.006 in. with Douglas-fir 
wood. Even so, boards made with in. 
long wafers and having density 
1.0, had modulus rupture up- 
wards 6,000 p.s.i. when mixed 
with little phenolic resin. 

Turner? later found that the 
length the wafers was extended 
in. with spruce wood, with per 
cent pheriolic the optimum wa- 
fer thickness lay between 0.015 and 
0.020 in. for boards having density 
0.8. 

After considerable experimentation, 
the thought occurred that instead 
using wafers with blunt ends, they 

Dale. 1954. Effect particle 
shape strength and dimensional 


stability resin-bonded wood particle panels. 
Forest Products Research Soc. IV, (5):210- 
223. 
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Fig. 2.—Waferizer make 2-inch wide 
core wafers from pieces irregularly shaped 
wood 4-inch 6-inch 4-foot long. 
Jones Sons Co., Pittsfield, Mass. 


should made with ends tapered 
nothing thickness. waferizer was 
developed make the elements with 
tapered ends. Then, wafers 2-inches 
long and about 0.030 inch thick were 
mixed with only per cent phenolic 
resin and this yielded board 
density 0.75 with modulus 
rupture over 4000 (equiva- 
1.0). 

the wafers were made thicker 
and the same percentage resin was 
used, the strength the resulting 
boards went up, not down with 
square-end wafers. Good results were 
obtained with taper ended wafers 
thick inch with only 0.5 per cent 
resin. 

minimize resin usage, the wafers 
should not only thick possible 
consistent with the thickness and type 
board made, but they should have 
smooth surfaces, wide; and 
long possible. was concluded 
and experimentally verified, that the 
wood was not uncommonly hard, ta- 
pering the side edges the wafers, 
along the grain the wood, added 
little the strength the resulting 
board. 

Hardwoods have proven even bet- 
ter than softwoods for wafers, ef- 
fect that may attributed the dif- 
ference the kind lignin present. 
Hardwoods have three instead two 
methoxyl groups attached the aro- 
matic ring the basic lignin mole- 
cule. Consequently, hardwoods are 
usually more malleable when heated. 
Exceptions are certain conifers like 
cedar and redwood, with which boards 
having strength equivalent those 
made with most hardwoods may 
obtained with saving much 
one-third the small quantity 
resin needed for ordinary coniferous 
woods. 

For mahogany wa- 
fers 0.037 inch thick, about inches 
long, and with tapered ends, board 
having modulus rupture 8100 
tained (equivalent modulus 
with 1.8 per cent 
Boards with other woods have 
had adequate strength (6000 
modulus rupture 1.0 density) 


using little 0.5 per cent phenolic 
resin. 


Clark Board 


The following description applies 
particularly the 4-foot 16-foot, 
12-opening press plant, designed 
the Sylvan Engineering Company, Inc., 
and presently being completed for the 
Pack River Lumber Co., Sandpoint, 
Idaho. 

The design based successful 
experience with demonstration board 
plant Sandpoint. This included 
4-foot 4-foot, two-opening press 
and was provided with automatic 
trols and handling throughout. 

The new plant has the 
operations: 

Wood Preparation: Slabs 
edgings from the saw mills are 
and trucked the board 
removed passing the raw 
rial through simple 
chine recently developed 
Engineering Co. for 
steam-driven pump and has 
upwards tons slabs ind 
edgings per day. The new 
will also handle round wood split into 
two more pieces which not ex- 
ceed inches width. Splitting 
wood give the pieces flat face 
advantageous giving smoother cut 
wafers the following operation. 

Bark undesirable from the stand- 
the appearance the finished 
oard (unless confined the 
core) and from the fact that with most 
wood species, bark wafers would con- 
stitute weak elements the board 
structure. 

Dry kiln dried pieces wood 
may also used available, but are 
moistened before being wa- 
ferized. Selected pieces wood 
transformed into wafers for the faces 
the boards, are directed their 
separate preparatory 
systems. 

Waferizing: The large waferizer 
has capacity over tons per day 
and was built the Jones 
Sons Co., Pittfield, Mass. will han- 
dle pieces wood irregular cross 
long. smaller 2-foot wide waferizer 
used transform the selected stock 
into face wafers. 

Several other types waferizer are 
available, with feed mechanism adaj ted 
the size and shape the raw 


Wafers with wide faces, 
those with tapered otherwise thinned 
form the basis the Clark 
Boards made with wafers throughout, for 
the core, are covered series 
applications the United States and 
and other applications leading 
countries. issue British Patent No. 
730,017 May 18, 1955. These 
are assigned the Changewood Corp., 
Salle St., Chicago which also 
the patent rights the new process steps and 
machinery described this paper. 
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the wood pieces are blocks 
uniform width, length, thickness, 


waferizers work either scoring 


face the wood with slant 
then shaving off the wafers like 
veneer, preferably using 
specially shaped knives 
wafers directly from the face 
the wood. 

the wood not cut across 
the grain but between the fibers, the 
power requirements for making wafers 
are exceedingly low—less than one 
horse-power day per ton for wafers 
normal thickness. The high-speed 
knives are sharpened few 
minutes while position 
machine. 

Sawdust, Sliver and Knot Separa- 
tion: After being cut, the material 
from the waferizer passes over 
5-mesh screen remove any fine ma- 
terial such dirt, bark particles, and 
sawdust. The material then win- 
nowed remove any slivers un- 
sliced knots small chunks wood. 

With the knives and bed plate 
the waferizer properly adjusted and 
fairly uniform pieces wood, more 
than about per cent the wood 
substance should lost fines and 
cent slivers. Usually the 
which are form the faces 
the boards are cut thinner to. give the 
boards smoother surface. 

Storing and Metering: The wafers 
for the core and the two facings 
the boards are stored separately 
large, deep, annular chests special 
design, holding about half-day sup- 
ply. The material added the 
chests continuously 
tially, and truly representative supply 
removed from radial, vertical sec- 
tion each chest. This eliminates 
any abrupt variations wood species, 
moisture, other factors and consti- 


tutes great advantage for the new 


process, previously only 
well-designed, wet process plant with 
large storage capacity. 

The streams wafers are metered 
from each chest the particular rate 
desired, uniform layers pass through 
multiple channel continu- 
ous dryers. These are provided with 
which maintain 
the moisture the wafers fixed 
percentage the range desired, about 
per cent for the core and 
per cent for the facings. 

Wax wax size and the desired 
percentage powdered resin me- 
tered the streams wafers, which 
are passed through separate continu- 
ous mixers. After gentle but thorough 
mixing, the streams, which may 
desired, flow continuously 
their respective felters. turning 
the main control panel 
the press, the press man can imme- 


Fig. face storage chests (far left), face and core felters, conveyor, load- 
ing mechanism, centralized control panel for entire process, and 4-foot 16-foot rectangular 
piston press. Men who conceived, designed, and supervised construction Pack River Lum- 
ber Co. plant were, left right: Owen, Clark, Nettlingham, Reed, 


Lambert. 


diately and precisely increase de- 
crease the rate flow any all 
streams material together, without 
altering their composition. The latter 
accomplished mechanically inter- 
locking the drives for meters, dryers, 
and mixers that the speed all 
may adjusted collective unit 
suit the desired press. cycle for the 
board being made. 


Felting: This one the most 
important steps any board process 
since the uniformity the density, 
the thickness, and the appearance 
the product thereby determined. 
especially important if, the new 
process, the uniformity thickness 
the boards obtained uniform 
felting rather than subsequent 
sanding. 


radically new felter has been de- 
veloped which has orifices plug, 
very gentle handling the wafers, 
and gives constant, uniform mat 
after adjusted and locked po- 
sition. weight variation less than 
per cent with 6-inch 6-inch sam- 
ples across the width the board 
normally achieved. 

felting heads (four present) 
series, permit forming multi-layer 
board. The different layers wafers 
and ingredients are felted into mat 
fixed width onto continuous suc- 
cession cauls press plates, moving 
along end end beneath the felters 
constant but adjustable speed. This 
speed adjustment also under the 
handy control the press man, who 
may either change the speed the 
cauls, the rate feed the felters, 
weight the board, regulate 
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the production the felters 
cordance with output the press. 

Mat Handling: order separate 
the continuously felted wafers into 
series individual mats centered 
the cauls, automatic area-control for 
the web has been developed. This 
mechanism gives centrally located 
mat with vertical ends which has 
particularly firm ‘dry brick’ construc- 
tion when wafers are used. desired, 
the same mechanism can adapted 
the felting variously shaped 
fibrous mats such hollow squares 
that might desired for frames. The 
unwanted areas the deposit are in- 
directly returned the felters that 
there waste. 

the cauls bearing the completed 
mats proceed forward, the leader 
speeded station where top 
caul automatically and gently placed 
over it. The sandwich formed then 
moves into elevator and de- 
livered into the next number 
vertical storage rack, 
corresponding the number open- 
ings the press. When the rack 
full, automatic mechanism moves 
the whole charge forward into another 
rack, which then 
moved sideways into the charging po- 
sition ahead the press. 

Pressing: 
opening press may employed. How- 
ever, for this process, order re- 
duce the capital cost with improved 
performance, the press radically 
new design, being made with rec- 
tangular piston the same size and 
shape the boards. Its practicability 
has been proven nearly three years 
continual trouble free operation 
the 4-foot 4-foot square piston press 
which was designed for 750 psi. 
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Fig. 4.—View 4-foot 4-foot, opening press, demonstration 
and research unit for making dry process board Pack River Lumber 


Co. plant. 


The size and rectangular shape 
the piston the new 12-opening press 
(4-foot 16-foot), ensures that: (1) 
pressure applied uniformly the 
entire area the board, (2) uni- 
formity pressure not disturbed 
structural temperature strains, (3) 
pressure the hydraulic actuating 
fluid (in this case water with suitable 
anti-rust and lubricating agents added) 
little more than the pressure ap- 
plied the board maximum 480 

this instance), which considera- 
reduces the cost the pumps, 
piping, and control valves, and (4) al- 
most every pound steel the press 
bears its full working load (mostly 
tension) when the press 
operation. 

result, the weight the press 
has been considerably reduced over 
that conventional press; also 
requires special foundations ex- 
cept accommodate the discharge and 
accumulator tanks beneath it. The press 
made throughout welded steel 
plate; except for the faces the 
platens and the skirt the piston, 
other major machining operations 
are necessary, despite its ability pro- 
duce boards precise and uniform 
thickness. Consequently, the cost 
the press less than that 
for conventional one. The press was 
built the Smith Corp. Mil- 
waukee, Wis., Sylvan Engineering 
Co.’s design. 

simple charging and discharging 
mechanism has been developed with 
new improvement that when the 
press automatically opens the con- 
clusion each pressing cycle, the cauls 
with their pressed boards are individu- 
ally pulled (not pushed) out set. 
Simultaneously, the awaiting mats and 
cauls are smoothly into their 
places. The design the charging and 
discharging mechanism insures that 
warping sticking caul plate 
the platens will cause interference. 

After the press charged, au- 
tomatically and quickly closed water 
actuated, accumulator tank. When 
fully closed, preselected high pres- 


212 


sure applied from high-pressure 
air-actuated accumulator. Thereafter, 
specially developed automatic control 
micrometer takes over and adjusts the 
pressure downwards, that the 
end each pressing cycle, the boards 
are exactly their desired thickness. 

desired, the next batch boards may 
changed adjusting the calibrated 
micrometer. The escape generated 
steam and gases while the board 
under facilitated the 
size and shape the wafers. 

Caul Separating and Handling: 
After the twelve boards and their cauls 
have been discharged from the press, 
they are automatically lowered and in- 
dividually discharged into specially 
developed caul and board separator. 
Each sandwich individually sepa- 
rated sequence, forceably neces- 
sary, which should seldom. The 
cauls are discharged sideways the 
caul return line, the top caul being 
turned over that its smooth working 
face up, and are conveyed through 
storage mechanism, back the 
felter section. 

Board Treatment: the boards 
issue from the caul separator, they are 
automatically weighed, have their side 
edges rough-trimmed, are lightly 
brushed remove any loose particles, 
and are delivered conveyor table. 
When this complete with each batch 
boards, the table moves the pile 
and inserts under high pile 
previously made boards hot 
stacker new design. There they are 
maintained under pressure for several 
hours high temperature. 

This heat treatment under gradually 
reducing pressure completes the cure 
the resin binder, removes any 
strains the board that might im- 
parted during the pressing operation, 
and improves their water resistance. 

each hot board cured, passes 
humidifying conditioning tun- 
nel which the board suspended 
vertically from one its long edges 
and close the previous board, but 
with air space between. During the 
several hours the tunnel, the boards 


assume their normal moisture content 
about per cent and are cooled. 

each board enters the tunnel, one 
conditioned board drops out and 
fed into automatic trim saw spe. 
cially developed for this purpose. The 
new equipment firmly holds the board 
moving table suction, while 
saws trim off the edges and cut the 
board into smaller sizes desired. The 
design the saw such that indi- 
vidual boards are consistently sawed, 
trimmed, and squared within 1/64 
inch. 


After they are trimmed, the cut 
boards are automatically delivered 
skids tables for marking, 
and shipment. 


Clark Process Board Unit 


will observed that with the 
fully automatic operation the 
opening press and its associated 
ment, charging, discharging, and 
separating mechanism, the felted 
and cauls enter continuous 
are pressed batches, but leave 
continuous stream pressed 
Accordingly the arrangement 
lent continuous press 
for making structural boards, 
that the continuous press was over 150 
ft. long order capable the 
same rate production, since this rate 
governed primarily the extent 
the surfaces available for heat transfer. 

With the new unit, boards almost 
any thickness from about 1/16-inch 
may made directly. However, 
because the press time increases with 
about the square the thickness 
the boards, thicker than 
inch are best made laminating 
two more thinner boards together. 

This operation may expeditiously 
accomplished rapid secondary 
process developed for this purpose. 
The maximum tonnage boards 
obtained when the thickness the 
boards between 3/16 and 5/16 inch. 
With average woods, board 
between 0.65 and 0.75 preferred, 
but this range may extended 
desired. 

addition using different woody 
materials the core and faces, 
and different amounts resin 
binders may used with the 
facings laminae produce wide 
variety boards, suitable for 
interior uses, and the 
resin are increased, for 
uses also. For decorative other 
material may consolidated 
face the board during the 
pressing operation. The boards 
covered subsequently with wooc ve- 
neer with paper, textile, 
sheets the secondary op- 
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not added during the initial 
operation. 

These possible variations 
struction, combined with the use 
nesses any lamina, make the new 
process one the most versatile far 
devised. 

cost package unit, com- 
prising 4-foot 16-foot, 12-opening 
associated manufacturing 
equipment together with suitable 
building around $750,000, depend- 
ing local conditions and the type 
building desired. Such unit will 
upwards tons per three- 
shift working day, thick, 
double faced boards, equivalent over 
160,000 sq. ft., about tons 
5/16 in. thick boards. 

More will produced the boards 
are not double since the facings 
introduce extra moisture into the press 
and thus increase the time cycle. 
Enough particulars the new process 
have been described enable those 
familiar with manufacturing esti- 
mate the probable cost the product. 
will found that this relatively 
low, mainly because the low resin 
usage. 

Because the wafers lie flat the 
plane the board, are oriented all 
directions, and are well bonded, the 
expansion the boards 
length and width with changes 
temperature and humidity, small, 
being about the same wood the 
direction its grain. some cases, 
their contraction and expansion less 
than one-quarter that boards made 
from coarse chunky wood particles. 
This makes the new boards special 
value where maximum 
stability important, such for ceil- 
ing, wall, floor coverings. 

For general interior use, excel- 
lent board may made from the 
usual coniferous woods with less than 
per cent phenolic resin the faces 
and approximately 11/, per cent the 
core, equivalent average resin 
content less than per cent for the 
entire board. Such board would have 
modulus rupture about 4000 
psi density 0.7 (equivalent 
8000 psi density 1.0) and with 
per cent wax size, 24-hour wa- 
ter absorbency test less than per 
cent from per cent relative hu- 
midity the 0.7 density. 

With the uniformity with which 
the boards are felted and pressed, they 
come from the press with smooth sur- 
faces, ready for use without having 
Sanding not only costly but par- 
tially destroys the interesting wood 
effect otherwise intact wafer 
and removes the 
outer resin film. However, the 


tage the boards are subse- 
quently glued painted. 

Unfaced core boards (which require 
less time the press than when 
faced) when sanded are suited for use 
furniture core stock. With their uni- 
form density, they not readily tele- 
graph pattern through the veneer. 
Core boards with modulus rup- 
ture about 3000 psi density 
0.65 (equivalent 7000 density 
1.0) may made from coniferous 
wood with less than per cent 
phenolic resin. With cedar de- 
ciduous wood, less than per cent 
resin may sufficient. 

Because the small proportion 
resin used and the consequent ‘woody’ 
character the boards, they not 
quickly dull the edges sharp cutting 
tools, often adverse factor with 
boards having higher resin content. 
The woodworking and other proper- 
ties the new boards are similar 
those plywood. fact the new 
board ‘multi-ply’ board with most 
plywood’s properties, such good 
screw and nail holding 
pendicular the faces. 

addition, thick laminated boards 
may satisfactorily turned lathe 
make such items lamp bases 
furniture legs. Since the cores are com- 
posed wafters which are effect 
actually pieces thin veneer, the 
boards give strong tongue-and-grooves 
and hard wearing edges. Samples 
the boards appear well liked 
both amateur and 
penters and cabinet makers, not only 
for their woodworking qualities, but 
also for their intrinsic beauty. 

With the versatility the process 
and the endless number combina- 
tions materials possible, conditions 
manufacture can chosen make 


suitable board for almost any given 
job. 


Discussion 


Williston (Weyerhaeuser 
Timber What the cost pro- 
ducing finished wafers ready for ad- 
mixture with the binder but exclusive 

Dr. Clark: Power consumption 
less than horsepower/day per ton 
wafers. Actual converting costs are 
few dollars ton. 

Mr. Williston: What type resin 

Dr. Clark: Fine pulverized phenolic 
resin dusted the wafers. 

Mr. Williston: Why top travel- 
ing caul used instead fixed top 
caul the press opening. 

Dr. Clark: makes for 
and safer operation since then the sur- 
face both cauls can kept good 
condition. 

Mr. Williston: What type metal 
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Dr. Clark: Eleven gauge cold rolled 
steel. 

Mr. Williston: What are the pres- 
sing conditions—pressure, temperature, 
and duration 

Dr. Clark: They depend the 
type wood. Pressure varies from 
300 450 psi. For 5/16-inch board 
presently use 7-minute cycle with 
350° platens. 

Roberts (Weyerhaeuser Tim- 
ber Co.): Does board made from 
flat flake wafers not tapered have 
tendency break more along the end 
the wafer than along its side, which 
never tapered 

Dr. Clark: does, and one gets 
boost strength when the 
ends the wafers are tapered. 

George Marra, (Washington 
State Institute Technology): Dr. 
Clark reports high strength with low 
percentages and low 
gravities, which one the out- 
standing virtues flake boards. our 
work similar products have 
found that strength represented 
modulus rupture one the 
easiest properties attain satis- 
factory degree. With good flakes, dry 
strengths comparable the strength 
tempered treated hardboard have 
been obtained with 3-4 per cent 
phenolic resin specific gravity 
about 0.75. Pressures were 300 psi 
the beginning the cycle and were 
reduced the end the cycle 
necessary maintain final caliper. 
Strengths this order should ade- 
quately serve all purposes for which 
this type material may used. 

more stringent test for flake 
board quality may roughly referred 
the finger test for edge firmness, 
particularly applied the down 
side the board after passing through 
circular table saw band saw. 
course, some shattering will usually 
solid lumber, but evidence flake 
delamination poor boards will al- 
ways show this point. Boards 
made from flakes having good dis- 
persion resin and pressed under 
conditions favoring good bonding ac- 
tion the resin rarely develop un- 
satisfactory edges under these 
stances. Boards having strength other- 
wise regarded adequate may fail 
this test. 

The internal bond test would serve 
approximately the same purpose 
differentiating the quality flake 
boards and would furnish 
ment data, but this test method has 
proved somewhat cumbersome 
for rapid evaluation production vari- 
ables. This test, however, would 
more sensitive the factors affecting 
the over-all quality flake boards and 
should considered useful tool 
fundamental research flake board. 
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Study was made effect particle board properties 
amount resin, form resin, and effect adding resin before 
and after grinding. Another phase involved evaluation board 
properties when the raw material was ground per cent mois- 
ture content and per cent moisture content. 


BOARD PRODUCTS are man- 
ufactured from many raw material 
types and species wood and 
variety manufacturing procedures. 
One method suitable for higher spe- 
cific gravity boards employs 
tion mill for simultaneous distribution 
powdered phenolic resin and break- 
down the wood residue material. 
Two plants are using this method 
manufacture. 


Objectives 


The major objective part one 
this study was compare the per- 
formance liquid and powdered 
phenolic resin two resin content 
levels when the resin was 
fore and after grinding. secondary 
objective reported part two was 
compare properties boards made 
from chips that were ground differ- 
ent moisture contents. 


PART ONE 


Boards this part the study 
were made from Douglas-fir veneer 
chips ground per cent moisture 
content and were pressed con- 
trolled thickness and specific gravity. 
Pressing temperature, time, and initial 
pressure were constant. Modulus 
rupture, water absorption, thickness 
swelling the center and edge, and 
linear expansion were used 
indices comparison. 


Variables were amount resin 
per cent), type resin (liquid 
powder), and stage which resin 
was added (before after grinding). 


Ninth National Meeting, FPRS, June 21-24, 
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Experimental Procedure 


The experimental procedure was di- 
vided into four main steps: (1) prep- 
aration the fiber from raw veneer 
chips, (2) preparation the boards, 
(3) testing the boards, and (4) sta- 
tistical analysis test data. The treat- 


ments used for this study are listed 
Table 


Table 1.—AMOUNT, TYPE AND TIME 
RESIN APPLICATION 


Resin Time 
ment* percentage Resin type application 
Powdered Before grinding 
Liquid Before grinding 
Powdered After grinding 
Liquid After grinding 
Powdered Before grinding 
Liquid Before grinding 
Powdered After grinding 
Liquid After grinding 
Powdered Before grinding 
Liquid Before grinding 


*All treatments included per cent molten 
petrolatum applied before grinding. 

ground per cent moisture content, 
fiber air-dried, then water added to return to 12 
per cent moisture content. Treatments 9 and 10 
are discussed part 

Preparation fiber from veneer 
chips: Green Douglas-fir veneer chips 
were obtained from Peak Plywood 
Company near Corvallis, Ore. For 
treatments through the chips were 
dried approximately per cent 
moisture content. Water 
added raise the moisture content 


approximately 16-18 per cent before 
Table 2.—MOISTURE CONTENT 


Treatment Before After 
number grinding grinding pressing 

14.9 10.3 10.0 
16.5 10.9 10.5 
18.5 12.0 11.6 
16.3 10.7 10.6 
15.5 10.4 10.0 
18.0 11.8 11.4 
18.2 11.6 11.3 
17.9 12.0 11.0 
40.0 11.5 
40.0 

*Based oven-dry solids. 


+Treatments and after grinding required dry- 
ing the fiber to approximately 3 per cent moisture 
content before raising to 12 per cent again by 
spraying with diluted liquid resin. 

air-dried after grinding and water added 
to raise moisture content to nominal 12 per cent. 
Treatments and are discussed part 
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mixing and grinding. Chips for treat- 
ments and were dried 
grinding (Table 2). 

Approximately pounds chips, 
the amount required for each 
ment, were mixed single 
Petrolatum was applied the chips 
before grinding for all treatment 
binations. All additives were 
blended with the chips 
depending the treatment, ro- 
tating drum mixer. Molten 
was sprayed with electrically 
hand spray gun; water 
resin were sprayed with unheated 
spray gun; and powdered resin was 
sprinkled hand. Mixing ‘ime 
was minutes for all combinations. 

All mixes were ground with one pass 
through 24-inch double-disc Bauer 
refiner with mil plate set- 
ting using plate set No. 1694-5. The 
chip feed rate was pounds per 
minute (oven-dry basis). The tempera- 
ture the fiber immediately after 
grinding ranged from about 
105° 

Moisture content fiber from 
treatments and which had 
the resin applied before grinding, was 
determined immediately after 
ing. Material for each duplicate 
boards pressed for given treatment 
was accurately weighed 
plastic bags and sealed maintain 
the moisture content percentage until 
made into boards. These bags were 
stored 70° and per cent rela- 
tive humidity until used (Figure 1). 

The fiber for treatments and 
was mixed with and per cent 
(based oven-dry weight wood) 


Fig. 1.—Plastic bag used for fiber 
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powdered resin, respectively, the 
drum mixer. Moisture con- 
tent was determined, individual board 
batches were weighed, sealed plastic 
bags, and stored for treatments 
and 

The fiber for treatments and 
was dried about per cent moisture 
content. The dry fiber was sprayed 
with liquid resin which had been di- 
luted sufficiently with water result 
final mix moisture content 
about per cent. Individual board 
batches were weighed and stored 
before. 

Preparation the boards: The 
boards were hand-felted onto stainless 
steel cauls. Side retention during the 
felting and pressing operation was ac- 
complished means removable 
metal deckle box inches high (Fig- 
ure 2). The upper platen the press 
fitted inside the deckle box while the 
board was hot-pressed. 

Five 12-inch-square 
boards, with specific gravity ap- 
proximately 0.90, were pressed for 
each the treatment combinations. 
Pressing temperature was 350° 
pressing time was minutes; and 
initial pressure was 400 psi for all 
board treatments. Thickness the 
boards was controlled means 
positioning device that activated air- 
operated diaphragm valve for bleeding 
the hydraulic pressure bypass the 
press ram. The initial pressure was 
maintained until the mat was com- 
pressed within average 0.021 
inch from the desired thickness 
which time the pressure was gradually 
reduced that the platens closed only 
0.021 inch more the end the 
cycle (Figure 3). this and other 
studies particle board the Labora- 
tory, this method controlling com- 
pression has proved effective. This 
method control currently being 
used commercial multi-opening 
presses. 

Thickness the board the time 
thickness control was activated was 
recorded well board thickness 
the end the cycle. After removal 
the press, reference point was 
the center the board and 


thickness was recorded the point. 
The boards were solid-piled until cool 
and center thickness again measured. 
The average thickness shrinkage upon 
cooling was between 0.003 and 0.004 
inch. 

Testing the boards: 
mens were cut according predeter- 
mined pattern which was designed 
minimize the influence test results 
specimen location within 12- 
12-inch board. Two test values for 
each physical property evaluated, ex- 
cept linear expansion, were obtained 
for each the five boards within 
treatment. Only one value per board 
was obtained for linear expansion. 
Test-specimen size and orientation are 
shown Figure 

Before testing, all specimens were 
conditioned for minimum 
hours 70° and per cent rela- 
tive humidity. 

Static bending test: Test specimens 
measuring nominal inches 
were broken over 8-inch span with 
Tinius Olsen universal testing ma- 
attachment for precise load indication. 
Average thickness before testing was 
measured the nearest 0.001 inch 
the line load application. Specimen 
width the line load application 
was measured the nearest 0.01 inch. 
The head speed was constant 0.1 
inch per minute. Maximum breaking 
loads were recorded the nearest 
pound and modulus rupture values 
calculated and recorded the nearest 
psi. 

Specific gravity determination: 
Test specimens measuring nominal 
inches were cut from each broken 
static bending specimen close the 
line break. Initial weight. the 
nearest 0.1 gram was recorded. The 
specimens were immersed water 
and the volume displaced water 
determined the nearest 0.1 cubic 
centimeter. Specific gravity values were 
calculated. 

Water absorption 
swelling: The specimens used for 
specific gravity determination also were 
used for determinations water ab- 
sorption and thickness swelling. The 
change specimen weight during im- 
mersion for volume determination was 
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TIME MINUTES 
Fig. 3.—Relationships platen pressure, 
pressing time, and board 
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WATER 


Wastes 


BABA 


SPECIFIC 
GRAVITY 


LINEAR EXPANSION 


BEFORE BREAK 


THICKNESS CHECK SPOT 


Fig. 4.—Test specimen cutting plan. 


found less than 0.1 gram. Since 
all specimens were treated similarly, 
was assumed that any effect this 
moisture pickup water absorption 
and thickness swelling would 
negligible. 

Water was placed open pan 
room temperature 70° and 
allowed come equilibrium. The 
water temperature equilibrium was 
approximately 67° The top the 
test specimens was approximately 
inch under the surface the water 
during soaking. Groups speci- 
mens were placed the water 
10-minute intervals. the end two 
hours soaking, the specimens were re- 
moved from the water groups and 
allowed drain edge for min- 
utes. After draining they were 
with paper towels, weighed the 
nearest and_ thicknesses 
measured the nearest 0.001 inch. 


The specimens were put back into 
the water tank and the same procedure 
repeated after additional hours 
soaking determine 24-hour water 
absorption and thickness swelling. The 
specimens then were oven-dried and 
weighed again. 

Linear expansion after 24-hour 
soak: One specimen from each board 
and soaked water for hours. 
Length the nearest 0.001 inch was 
measured before soaking, after hours, 
and after hours soaking. Linear 
expansion was calculated percent- 
age the original length. 

Statistical analysis test data: 
order detect important differ- 
ences board properties caused 
various treatments, the test data were 
methods analysis variance and 
co-variance. Analysis 
was used eliminate the disturbing 
effect physical properties varying 
specific gravity. Throughout the statis- 


215 


= 
q 


tical analysis, confidence level 
per cent was used, which means that 
the chances are out that the 
conclusions drawn from the results are 
correct. 


Results and Discussion 


Specific gravity: Inspection the 
specific gravity values suggested signi- 
ficant differences among test boards 
might present. analysis vari- 
ance showed that significant differ- 
ence was present among boards within 
treatment. Since specific gravity 
related several the properties 
being evaluated, analysis co- 
variance was necessary eliminate the 
influence specific gravity evaluat- 
ing the effect different treatments 
other properties. 

Modulus rupture: The analysis 
modulus rupture values showed 
that per cent resin content produced 
significantly stronger boards than did 
per cent for all treatments. also 
showed that liquid resin produced 
significantly stronger boards than did 
powdered resin regardless the time 
applied amount added. both the 
and the per cent level, liquid resin 
produced significantly stronger boards 
when the resin was applied after, 
rather than before, grinding. the 
per cent level powdered resin also 
produced significantly stronger boards 
when the resin was applied after, 
rather than before, grinding. The dif- 
ference strength the per cent 
level between boards made with pow- 
dered resin applied before and after 
however, was found not 
significant this experiment (Fig. 5). 
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Fig. 5.—Means for modulus rupture. 


Although difference might ex- 
pected, possible that experimental 
limitations influenced the results. For 
example, some powdered resin un- 
doubtedly was blown away the air 
and lost the mixing equipment 
because settling sticking the 
sides the mixer. This loss probably 
amounted higher proportion 
the per cent than the per cent 
level. addition, the fiber particles 
had lower moisture content after 
grinding than before, which reduced 
tackiness the fiber and increased the 
tendency for settling-out the pow- 
dered resin. 

Since the experiment was performed 
with batch mixing and grinding, the 
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losses mentioned above were unavoid- 
able. continuous operation with 
closed system, significant difference 
would expected between boards 
made with per cent powdered resin 
applied before and after grinding. 

Water absorption: Boards made 
with per cent resin, either liquid 
powdered, had lower water absorption 
values when the resin was applied 
after grinding rather than 
grinding. the per cent resin con- 
tent level, however, difference 
water absorption values was observed 
between boards made with resin ap- 
plied before grinding after grind- 
ing for either resin type. The boards 
made with powdered resin exhibited 
significantly lower water absorption 
values than did boards with liquid 
resin for both levels resin percent- 
age and time application, except 
for the per cent level applied before 
where difference was 
found. 
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Fig. 6.—Water absorption means 
(24-hour soak). 


Previous work indicated that when 
resin contents high and per 
cent are used, the effect water ab- 
sorption caused the difference 
resin content slight. Other factors 
such moisture content test and 
the resulting mixture may cause 
greater effect water absorption 
than does the resin content. This phe- 
nomenon may explain the inconsisten- 
cies water absorption between the 
per cent and per cent resin content 
levels (Figure 6). 

Thickness swelling edge: The 
analysis showed that boards made with 
liquid resin had significantly lower 
edge-thickness swelling than 
boards made with powdered resin, for 
both resin content levels and regard- 
less the time resin application. 
Boards prepared from either liquid 
powdered resin and either resin 
percentage level had less edge-thick- 
ness swelling when the resin was ap- 
plied after, rather than before, grind- 
ing. significant difference edge- 
thickness swell was found between all 
treatments for boards made with and 
per cent resin content (Figure 7). 

Thickness swelling center: 
Center-thickness swelling was signifi- 
cantly less when the resin was 
after, rather than before, grinding; 
except the per cent liquid resin 
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Fig. 7.—Edge thickness swelling 
(24-hour soak). 


level where difference was found. 
Liquid resin boards had less 
thickness swelling than that pow- 
dered resin boards except when per 
cent resin was applied after grinding, 
where difference was found 
ure 8). 
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Fig. 8.—Center thickness swelling means 
(24-hour soak). 


Linear expansion: 
with liquid resin had significantly less 
linear expansion after 24-hour soak 
than that boards made with pow- 
dered resin both resin percentages 
and disregarding time resin 
tion. difference was found 
linear expansion for powdered resin 
for either per cent resin content 
between boards made with resin 
applied before after grinding. 
significant difference was found for 
the liquid resin. 

Increasing the percentage liquid 
resin from per cent significantly 
reduced linear expansion disregarding 
time application. There was dif- 
ference linear expansion found for 
powdered resin boards between the 
per cent resin 
ure 9). 

Correlation and 24-hour 
soak periods: correlation analysis 
was made the and 24-hour 
ing periods for board properties 
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Fig. 9.—Linear expansion means 
(24-hour soak). 
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absorption, thickness swelling 
ccater, thickness swelling edge, and 
expansion. 

All board properties except linear 
showed significant correla- 
between the two soaking times. 

“he degree confidence which can 
the significant correlation 
given board property deter- 
the magnitude the corre- 
coefficient. the correlation co- 
effi 0.80 higher, the results 
the two-hour soaking period can 
predict differences between 
board treatments for 24-hour soak. 


The correlation coefficients for board 
properties tested after and hours 
soaking were follows: 


Correlation 


Board properties coefficient 
Water 0.83 
Thickness swell 0.78 
Thickness swell 0.61 
Linear 0.33 (No 

significant 


correlation) 


Correlation between water absorp- 
tion and thickness swelling center 
after 24-hour soaking: significant 
correlation was found between water 
absorption and thickness swelling 
center when considering all treatments 
(correlation coefficient 0.62). This co- 
was not sufficient magni- 
tude warrant confidence predict- 
ing the swelling center from the 
per cent water absorption. 


Correlation between water absorp- 
tion and linear expansion after 24- 
hour soaking: The 
tween water absorption and linear ex- 
pansion proved nonsignificant, which 
indicated that basis for predicting 
linear expansion from water absorp- 
tion was evident. 


PART TWO 


This phase the study was in- 
stituted give indication the 
effect board properties raw mate- 
moisture content time grind- 
ing. comparison was made between 
boards pressed and dry- 
ground chips using one resin content 
and two types resin applied before 
(treatments and 10, Tables 
and 2). 


Experimental Procedure 


Material designated had 
moisture content (dry-weight basis) 
approximately per cent time 
cent moisture content for the 
material. Bauer plate setting 
mils and chip feed rate 
pounds per minute was used. 


_The green-ground material was defi- 

more fibrous and had lower 
bulk density than that the dry- 
material. 
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Both types material were pressed 
per cent moisture content, using 
the same pressing cycle. The resin con- 
tent was per cent, wax per cent, 
and each type material was 


using either liquid resin. 
The resin and wax both fiber types 
were added before grinding. 


Results and Discussion 


Results this section were analyzed 
statistically analysis variance and 
co-variance, the previous section; 
the analysis co-variance was used 
eliminate the disturbing effect vary- 
ing specific gravity. 

Modulus rupture: The green- 
ground fiber produced boards superior 
strength boards from dry-ground 
fiber regardless resin type used. 
Liquid resin produced boards superior 
strength those made with pow- 
dered resin regardless moisture 
content grind (Figure 10). 

Water absorption: Boards made 
with green-ground material absorbed 
less water than those made with dry- 
ground material when liquid resin was 
used, but failed show any significant 
difference with powdered resin. Boards 
from green-ground material using li- 
quid resin were more resistant water 
absorption than those from the same 
grind using powdered resin. When dry 
material was used, significant dif- 
ference was observed between liquid 
resin and powdered resin (Figure 11). 


Thickness swelling edge: Boards 
made with liquid resin 
cantly less thickness swelling the 
edge the test specimens that did 
those made with powdered resin, re- 
gardless grinding conditions. Boards 
with liquid resin had the same amount 
edge thickness swelling dry- 
ground material green-ground. 
However, boards with powdered resin 
had less thickness swelling the edge 
when dry-ground, rather than green- 
ground, material was used (Figure 
12). 

Thickness swelling center: For 
either dry- green-ground material, 
the liquid resin produced significantly 
lower thickness swelling values the 
center the test specimens than did 
the powdered resin. For both resin 
types, the dry-ground material pro- 
duced boards with 
swelling (Figure 13). 

Linear expansion: Liquid resin 
showed superiority over powdered 
resin minimizing linear expansion, 
for both green and dry grinding. This 
relationship was the same for thickness 
swelling. Linear expansion boards 
from the green-ground material was 
less than boards from dry-ground 
fiber; however, the reverse was true 
for thickness swelling. The analysis 
indicated that differences 


specific gravity were not large 
enough effect comparison treat- 
ments for the property linear ex- 
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Fig. for modulus rupture; dry 
compared with green material. 
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Fig. 11.—Water absorption means (24-hour 
soak); dry compared with green material. 
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Fig. 12.—Edge thickness swelling means 
(24-hour soak). 
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Fig. 13.—Center thickness swelling means 
(24-hour soak). 
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pansion. The large amount edge 
swelling for the boards from green- 
ground material distorted the edge 
such extent that possible the 
measurements linear expansion are 
unreliable (Figure 14). 


Summary 


significant difference specific 
gravity between boards was found. 
The disturbing effect specific gravity 
differences was eliminated correct- 
ing all test values common specific 
gravity the statistical method 
analysis co-variance. 

general, increasing resin content 
from per cent per cent improved 
board properties; however, water ab- 
sorption showed significant differ- 
ence between the and per cent 
resin content level. 

general, boards with liquid resin 
showed superiority all board 
erties except resistance water ab- 
sorption, which boards with pow- 
dered resin excelled. 
resin applied after grinding were su- 
perior all properties except linear 
Time application had 
effect linear expansion. 

correlation analysis board 
properties for the and 24-hour soak- 
ing times showed that significant 
correlation existed for the properties 
water absorption, thickness swelling 
center, and thickness swelling 
edge; linear expansion showed 
correlation. the three board prop- 
erties which showed significant corre- 
lation, only water absorption was 
sufficient magnitude warrant serious 
consideration. 

Correlation water absorption and 
thickness swelling center after 
24-hour soak was significant but 
insufficient magnitude used for 


prediction purposes. apparent cor- 
relation existed between water absorp- 
tion and linear expansion. 

The analysis the dry- and green- 
ground material showed that liquid 
resin produced superior boards for all 
properties tested. Green-ground mate- 
rial, general, produced boards with 
superior values for modulus rup- 
ture and resistance water absorp- 
tion. Boards made from dry-ground 
material were more dimensionally 
stable than boards made from green- 
ground material. 


Discussion 


Dr. Clark (Consulting Engi- 
neer): When did you add the wax, 

Mr. Cooke: Wax was added before 
grinding all cases. 

Herrick (Rayonier, Inc.): 
Were the liquid and dry resins used 
approximately the same type resins? 

Mr. Cooke: followed the resin 
recommendations for 
approximately equivalent resins. 

Mr. Herrick: Did you make any 
tests distribution resins? 

Mr. Cooke: No, did not. With 
the amounts resin used and the 
cult determine resin distribution 
small particle such used for this 

roduct. 

Sproull (Herty Foundation) 
Did you make any effort rule out 
the possibility that possible resin dis- 
tribution differences were due nor- 
mal moisture differences between pow- 
dered and liquid 

Mr. Cooke: Undoubtedly moisture 
has some effect distribution and 
There good chance that most 
the powdered resin would stick the 


fibers since most the moisture was 
probably the surface the parti- 
cles. The petrolatum also improves ad- 
herence powdered resins. 

Dr. Sproull: Did you make any 
effort determine the effect petro- 
latum alone the boards? 

Mr. Cooke: have prepared con- 
trol boards 
using only petrolatum. However, for 
particle board which there prac- 
tically strength developed due 
interlocking particles, little 
strength would developed ‘he 
petrolatum alone. 

Wayne Long (American Mfg. Co.): 
tests, noticed you took them 
the MOR break. Did 
caused breaking contribute the 
high swelling? 

tried correlate variation ific 
with variation edge-swel! 
ity value for single point but 
found the edge-swelling values for 
the point adjacent the MOR break 
consistent the others. 

Mr. Long: regard the tech- 
nique applying molten petrolatum, 
why did you apply petrolatum prior 
the application resin instead 
using emulsion system some- 
thing along that 

Mr. Cooke: tried spray 
petrolatum emulsion. introduced the 
problem raising the moisture con- 
tent above the 
percentage. found that with our 
equipment obtained finer fog 
and equivalent better distribution 
with the molten spray than with 
emulsion spray. 
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Polyvinyl-Resin Emulsion 
Woodworking 


Technologist and Chemist, Forest Products 
Forest Service, Department Agriculture 


Evaluation several polyvinyl resin emulsion glues currently 
available, and comparison results with similar glues tested 
earlier project reported 1947. Limitations earlier glues were 
restudied determine their importance selection glues for 


various woodworking operations. 


POLYVINYL RESIN EMULSIONS 
came into use woodworking 
glues about 1945 when the supply 
animal glue was not sufficient meet 
demands after World War II. 

These emulsion glues are generally 
white liquids with pleasant odor. 
Probably the most typical resin such 
emulsions polyvinyl acetate. Other 
vinyl resin derivatives, however, may 
also present some glues this 
type. Identification the exact types 
vinyl resins such mixtures was 
not attempted the work reported. 
These glues, therefore, are referred 
simply emulsion 
glues. 

Polyvinyl acetate and related poly- 
vinyl resins differ from the urea, resor- 
cinol, phenol, and 
used conventional woodworking 
glues that the polyvinyl resins are 
thermoplastic. Thus they can ex- 
pected soften elevated tempera- 
tures and harden again lower tem- 
peratures, the process being reversible. 
They may contain plasticizers, fillers, 
pigments, although the present 
trend seems away from the use 
added ingredients. The glues are 
normally used received, without 
heating mixing with other com- 
ponents, and their working life, there- 
fore, not limited chemical action 


typical thermosetting resin’ 


glues. The emulsion glues develop 
strength harden the joints be- 
cause the wood rapidly absorbs por- 
tion the water, breaking the 
sion form film. 

Recently certain modified emulsion 
adhesives have been offered which 
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seem contain some phenolic com- 
ponent, possibly resin, addition 
the vinyl-resin emulsion, and are 
prepared for use adding catalyst, 
usually acid. The nature the set- 
ting these modified emulsion glues 
has not yet been established this 
Laboratory. Three glues this type 
were included this study. 

Ease use, rapid setting, lack 
dulling effect tools, and desirable 
properties assembly joints have re- 
sulted widespread use the poly- 
vinyl-resin emulsion glues wood- 
working. 


Results Previous Studies 


report (1) was published Oc- 
tober 1947 describing study made 
the Forest Products Laboratory 
polyvinyl-resin emulsion glues 
commercially available that time. 
Following summary the results 
that study. 

general, the performance the 
different emulsion glues this early 
study varied considerably more than 
had been noted for different glues 
any other type conventional synthe- 
tic-resin woodworking glue. The glues, 
general, were slightly acid, with 
nonvolatile content around percent, 
although varying from 31.7 58.6 
percent. Comparison one the 
emulsion glues with typical hot 
animal glue showed that the rate 
which joint strength developed 
birch lap joints with the emulsion glue 
was somewhat faster than for the 
animal glue. Initial dry joint strength 
the several polyvinyl-resin emulsion 
glues, however, showed considerable 
variation. The moisture resistance 
polyvinyl-resin glues plywood joints 
and edge-glued maple joints varied 
considerably. general the resistance 
delamination the edge-glued 
maple joints during cycles high and 
low relative humidity was not high 
for the emulsion glues for the hot 
animal glue, and was considerably 
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iess than that casein glue. The poly- 
vinyl-resin glues lost greater propor- 
tions their initial strength when 
tested 160° than did animal 
casein glues. 


later study the Forest Products 
Laboratory (2) showed that one typi- 
cal polyvinyl-resin emulsion glue was 
superior hot animal glue main- 
taining joint strength under exposure 
high-low humidity cycles dowel, 
mortise-tenon, and lock corner joints. 
Animal glue was superior the poly- 
vinyl-resin glue resistance separa- 
tion side-grain-to-side-grain joints 
such those used edge joining. 
The polyvinyl-resin glue was superior 
typical phenol-, resorcinol-, and 
urea-resin glues retaining strength 
dowel joints during these humidity 
cycles, and approached the other resin 
glues durability the other types 
assembly joints (mortise-tenon, lock 
corner, and end-grain side-grain) 
except edge-glued joints. 

These facts suggested that the 
emulsion glues 
were different than other conventional 
woodworking glues primarily that 
they appeared retain certain de- 
gree elasticity the final cured 
state, whereas conventional woodwork- 
ing glues group were rather rigid 
when fully cured hardened. The 
elasticity the emulsion glues was 
apparently greater higher relative 
humidity conditions, when the resins 
probably adsorbed moisture 
tially softened, and also elevated 
temperatures. This elasticity resulted 
partial yielding the internal 
mechanical stresses normally present 
ential dimensional changes the 
wood parts caused wood moisture 
content changes service. This yield- 
such joints the dowel and mortise- 
and-tenon, but was distinct disad- 
vantage edge-glued lumber joints. 


Recent Studies 


1953 and 1954, research was 
done commercial polyvinyl-resin 
emulsion glues. Only the glues 
reported 1947 was available for, 
and included in, this later work. This 
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glue listed No. throughout this 
report. group, the glues the 
new work were similar those 
1947 consistency, but appeared 
contain filler, whereas several 
the earlier glues were light brown 
color that was due added filler 
material. All except three the new 
glues were white, and these three 
(Glues and 10) were considered 
contain other resins, possibly phe- 
nolic character, addition poly- 
vinyl resins, which gave them faint 
violet tint. These three, contrast 
the usual polyvinyl-resin emulsion 
required hardening agent. 

The purpose the work was 
evaluate number these currently 
available emulsion glues order 
determine how these glues compared 
with those investigated 1947. 
addition, was desired learn 
whether some the limitations 
these earlier glues, particularly those 
due their thermal softening and 
moisture sensitivity, were still impor- 
tant and should still considered 
the selection glues for various 
woodworking applications. general, 
the types test procedures used were 
very similar those used previously 
order permit direct comparisons 
the old and new data. Test proce- 
dures and results are given together 
separate sections for each type 
test. 


Development Joint Strength 


Rapid development joint strength 
one the more important advan- 
tages sought assembly glue. 
Since both animal 
emulsion glues are used assembly 
glues, was interest compare 
their rate strength development. 
Casein glue was included this ex- 
periment for comparison, type 
glue that develops strength from both 
loss water and chemical reaction. 
the 1947 work, birch lap joints were 
used evaluate this property, but 
hard maple block joints were used for 
the present comparison because the 
higher strength level that attained 
before the wood fails. 


Test Procedures.—Hard maple 
shear--test specimens were made with 


Table 1.—RESULTS SHEAR TESTS HARD MAPLE BLOCK-SHEAR 
SPECIMENS MADE WITH POLYVINYL-RESIN EMULSION 
GLUES UNDER EACH SEVERAL ASSEMBLY 


PERIODS 75° 


Shear strength and wood failure* 


SHEAR STRENGTH 


3 
TIME UNDER PRESSURE (HOURS) 


Fig. 1.—Rate shear strength develop- 
ment polyvinyl-resin emulsion glues, 
animal, and casein glues hard maple block 
joints 75° 


polyvinyl-resin emulsion glues Nos. 
and 10, with hot animal glue, 
and with casein glue. The animal 
glue conformed the requirements 
for the grade Federal Specifica- 
tion and was mixed part 
parts water weight. The 
casein glue likewise 
Federal Specification and was 
weight. The joints from which the 
shear-test specimens were cut were 
made gluing 34- 12-inch 
pieces together pairs. The wood 
was per cent moisture content, 
and surfaced jointer just before 
was glued. 

The average glue spread for the 
polyvinyl-resin glues was pounds 
per 1,000 square feet. The assembly 
periods for the polyvinyl-resin glues 
were from minutes (closed), 
the room temperature for gluing and 


800, 


600 


CASEIN 


SHEAR STRENGTH (PS.1) 


NO EXPOSURE 


1 minute 5 minutes 
closed closed 

Glue assembly assembly 

4,050-24 
3,221-9 
3,259-0 3,239-0 

4,023-10 
3,810-3 


value before the dash the average shear strength pounds per square 
inch; the value after the dash is the average estimated wood failure in per cent. 
Each value the average specimens from single joint. 
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minutes 
closed closed 


assembly assembly 
3,559-14 3,424-30 

3,142-2 3,416-0 

3, 585-26 2,963-7 

4,156-9 4,045-23 


WEEK AT 
AND 80°F. 


FOLLOWED 

4WEEKS AT 

30%, BOTH AT 80°F. 
Fig. 2.—Shear strength yellow birch plywood specimens 
with polyvinyl-resin, animal, and casein glues, and tested ially 
and after exposure several humidity conditions. The glue: 


represented the same order each test section. Numbers the 
ends bars are the code numbers for the glues. 


pressing was 75° F., the pressure used 
was 200 pounds square inch and 
the pressure periods were and 
hours. The same conditions were 
used for animal and casein glue, but 
the average glue spreads were and 
pounds per 1,000 square feet and 
the assembly periods and minutes 
respectively. 

Immediately after removal 
sure, shear specimens were cut and 
tested according ASTM Method 
D905. Since tests were only for com- 
parison, pressure periods were not 
tended beyond the time for one 
reach high level strength. 


are plotted Fig. These rates 
strength development are useful 
comparison the different glues 
der similar conditions. 
very rapidly, shown the upper 
curve. The animal glue was somew hat 
slower than glue although its 
strength hours was 2,000 pov rds 
per square inch, which 
more than adequate for release 
pressure most applicaticas. 


Glues and developed 
strength more slowly than animal 
but were within few pounds 
other each test period, and 
the test results were averaged pro- 
duce single curve. Casein glue was 
the slowest the types 
ment strength. 


II. Assembly Time Limitations 


Assembly time the 
tween spreading the glue the 
surfaces joined and application 
pressure the joint. This period 
may vary for different types glue, 
but generally such that the consist- 
ency the glue reaches the optimum 
form even, continuous film 
glue the joint when pressure 


applied. 


WEEKS AT 

4 WEEKS AT 90% RH, 

+4, 

AND 80° F. 
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preparing most assembly joints, 
the members are fitted together and 
pressed almost immediately after the 
giue applied. Hence, long assembly 
are not important consid- 
tion. Polyvinyl-resin emulsion glues, 
are now being more widely 
the gluing wood and hard- 
many these uses the assembly 
was therefore performed for the 
studying the effect 
time variations polyvinyl- 
emulsion glues over range from 


were made 
pairs hard maple blocks with 
olyvinyl-resin emulsion glues 
glue one surface, laying 
the pieces together immediately 
final alinement, and then applying 200 
pounds per inch pressure 
the joints after selected periods 
closed assembly. 

The moisture content the wood 
when glued was approximately per 
cent. The temperature the wood 
was 75° The pressure was retained 
for hours and then the joints were 
conditioned for week 80° and 
percent relative humidity. Speci- 
mens from these joints were tested dry 
according ASTM Method D905. 


Test results 
the shear tests are included Table 
Results indicated that, general, 
minutes 75° were satisfactory. 
Glues and seemed give some- 
what better results after the 5-minute 
than after the 1-minute assembly, but 
joints were good all cases and this 
difference may not significant. Glue 
seemed somewhat better after 
and minutes than after and 
minutes closed assembly. How- 
ever, within the ranges closed 
assembly normally used fabrication 
furniture and similar operations, 
such variation probably not serious. 

should noted that these ex- 
periments the two wood members 
were final alinement soon 
assembled, and movement these 
pieces occurred between assembly and 
application final pressure. However, 
because the strength develop- 
ment these emulsion glues, in- 
dicated Fig. any extended closed 
assembly should probably avoided. 


III. Moisture Resistance 
Plywood Joints 


One the most convenient test 
specimens for comparing the moisture 
glues the birch ply- 
wood specimen described ASTM 
hod D906. These 
rapid transfer moisture the 
line and reach equilibrium with 


Table 2.—RESULTS TESTS YELLOW BIRCH PLYWOOD SPECIMENS MADE WITH POLY- 
VINYL AND ANIMAL GLUES AND EXPOSED SEVERAL MOISTURE CONDITIONS 


Testedt 
after week 
per cent 

relative 

Glue Initial humidity, 

est* 80°F. 

434-62 329-2-76 
489-64 212-0-43 
554-69 
4__ 486-4 256-2-44 
703-54 304-0-43 
471-62 
530-33 260-1-49 
716-82 
682-76 

584-90 
575-60 
404-14 

473-49 


after month 
per cent 


Strength and wood failure* 
Testedt 


Testedt 
after week 
at 97 per cent 


relative relative 

humidity, after humidity, 
80°F. cyclic exposure 80°F. 

352-12-81 
259-2-47 35-0-6 
256-0-54 497-66-100 67-0-14 
48-0-9 
708-63-99 52-0-7 
268-14-46 
52-0-13 
255-2-54 


*The first value the average shear strength pounds per square inch; the value after the first dash 
the average estimated wood failure per cent; and the value after the second dash the percentage initial 
strength retained. (In test these values are shown 100 when they exceeded initial value). Each value 


the average specimens. 


were tested immediately upon removal from exposure condition. 


consisted weeks per cent relative humidity, followed weeks per cent relative 
humidity, both 80°F. Specimens were tested the end the drying phase the cycle. 


the atmosphere much less time than 
block-shear other larger speci- 
mens. This type specimen was se- 
lected, therefore, for comparative tests 
this study. 

Test birch ply- 
wood panels, inches area, 
each consisting three 1/16-inch 
plies, were prepared with each the 
polyvinyl-resin emulsion glues, 
grade animal glue, and casein glue, 
Part The moisture content 
the veneers was per cent, the assem- 
bly time minutes closed, the 
temperature for gluing 
was 75° F., the pressure used was 150 
pounds per square inch, and the pres- 
sure period was least hours. After 
days conditioning 80° and 
per cent relative humidity, standard 
shear-test specimens were cut from the 
panels. 

The specimens for each glue were 
divided into six representative groups 
each and one group was 
under each the following condi- 
tions: (1) dry immediately; (2) after 
per cent relative humidity; (3) after 
weeks 80° and per cent 
relative humidity; (4) after weeks 
under exposure followed 
weeks 80° and per cent rela- 
tive humidity; and (5) after week 
exposure 80° and per cent 
relative humidity. 

Specimens were tested accordance 
with ASTM Method D906. Specimens 
group were used the heat- 
resistance tests described Part 
this report. None the polyvinyl- 
resin emulsion glues retained any ap- 
preciable strength the earlier work 
(1) when tested wet after hours’ 
immersion water room tempera- 
ture. Therefore, water immersion 
tests were made the present study. 

Test results the 
plywood shear tests are shown Fig. 
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indicate the effect the several ex- 
posures joint strengths. Test values 
(Table for all the polyvinyl- 
resin emulsion glues showed that 
average per cent the initial 
strength was retained after week 
per cent relative humidity and also 
after weeks this high humidity. 

Although the average wood failure 
for all these emulsion glues was 
per cent the initial dry tests, was 
only and per cent respectively 
after these exposures per cent 
relative humiity. This indicated that 
the losses strength were definitely 
due the effect the exposures 
the glue rather than the wood. 

When the specimens were tested 
after reconditioning for weeks 
per cent relative humidity following 
weeks per cent relative humidity, 
average per cent the 
initial strength was retained. One week 
per cent relative humidity for 
these same emulsion glues resulted 
average loss per cent the 
initial strength with little wood 
failure. 

Whereas the different emulsion 
glues were similar actual joint 
strength and percentage wood fail- 
ure after the exposures per cent 
relative humidity, there was consider- 
able variation performance these 
glues after week per cent rela- 
tive humidity. Glue and the three 
modified emulsion glues that appar- 
ently contained some additional darker 
resin, Nos. and 10, were signifi- 
cantly better than the others. 

Results similar tests animal 
glue the grade are shown 
Fig. Calculated the basis 
initial shear strength, the animal glue 
joints retained per cent exposure 
and per cent exposure 
slightly less than the averages for the 
polyvinyl-resin glues and much lower 
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Fig. 3.—Seven types joints used durability tests. dowel 
joint; mortise-and-tenon; blocked; slip (or lock); end- 
grain-to-side-grain; 45° end-grain-to-side-grain; and side- 


grain-to-side-grain. 


than for the better emulsion glues, 
Nos. and 10. 

Casein glue values, shown Fig. 
were generally about equal the 
values for the best the polyvinyl- 


resin glues the high humidity con- 
ditions. 


IV. Moisture Resistance 
Dowel Joints 


earlier work assembly glues 
(2), the dowel-joint specimen proved 
relatively simple make and 
test with some precision. Results 
with various glues this type speci- 
men were quite typical results with 
other more complex specimens. Since 
dowel joints represent typical use for 
polyvinyl resin and animal glues 
work, the following 
were made this specimen: 

Test maple 
dowel-joint test specimens (Fig. 
were made with the polyvinyl- 
resin emulsion glues and with animal 
glue grade. For this study, part 
weight the animal glue was 
mixed with parts weight water 
and was applied hot glue. 

The dowels were commercially man- 
ufactured hard maple, with con- 
ventional spiral and longitudinal 
grooves. The tolerance between dowel 
and hole, 0.006 0.008 inch, was 
controlled matching drilled blocks 
and dowels after first determining 
diameters micrometer measurements 
dowels and holes. The hole was 
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inch deeper than necessary take 
one-half the dowel pin each 
block. order ensure 1-inch 
length dowel pin each hole, 
No. shot diameter) was 
first glued lightly the bottom 
each hole. 

continuous thick coating glue 
was applied with brush the sides 


Figure loading dowel joint 
specimen apply tensile force glue 
joint. 


Table 3.—RESULTS TESTS MAPLE DOWEL SPECIMENS MADE 
WITH POLYVINYL-RESIN AND ANIMAL GLUES AND EXPOSED 
EACH TWO MOISTURE CONDITIONS 


Strength, wood failure* 


Testedt 
after month 
at 90 per cent after 
relative humidity, 
Initial Test 80°F. exposure 
1124-20 
1053-4 402-0-38 594-2-56 
1138-27 436-0-38 728-0-64 
1002-16 442-0-44 834-14-83 
832-0 464-0-56 782-12-94 
1168-23 604-0-52 704-5 60 
1088-22 506-0-47 724-4-67 
1144-30 
1069-18 
657-6 248-0-38 232-0-35 


*The value before the first dash the average total failing load 
the value after the first dash is the average estimated wood failure in per cont; 
and the value after the second dash the average percentage initial 
retained. Each value the average specimens. 

were tested immediately upon removal from exposure. 

weeks per cent relative humidity, both 80°F. 


the hole, and about inch giue 
was left the bottom the hole. 
glue was applied the dowel. 
through which the dowel passed 
vented the two block members from 
adhering each other. Thus, only 
dowel provided joint strength. 


The two members were forced 
gether immediately vise, the two 
blocks alined right angles, and then 
removed from the vise and 
condition this position for week 
80° and per cent relative 
humidity. 

Specimens with each glue were di- 
vided into three representative groups 
each. One group was tested 
immediately, group after weeks 
per cent relative humidity 80° F., 
and the third group after weeks 
per cent relative humidity followed 
weeks per cent relative 
humidity, both 80° The speci- 
mens were forced apart tension 
the position shown Fig. load- 
ing the jig compression speed 
0.025 inch per minute. 

Test results tests 
the dowel-joint specimens are 
plotted Fig. and are also included 
Table Initial dry joint strength 
values were quite similar for the 
ous polyvinyl-resin glues, which were 
significantly higher than those for the 
hot animal glue. Each the polyvinyl- 
resin emulsion glues and the animal 
glue were reduced strength 
posure the high humidity. 

The polyvinyl-resin emulsion 
retained average per cent 
the initial strength and the animal 
glue per cent. However, the 
age failing load for the emulsion 
after the high humidity exposure 
493 pounds and that the 
glue was 248 pounds. The 
vinyl-resin emulsion glues (after 
drying the low humidity) recove 
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strength, while animal glue fell 

per cent initial strength. 
Also noteworthy was the behavior 

glue which evidently contained 
phenolic component. The dowel 


joints made with this glue had 
initial strength only 832 
pounds, lowest the polyvinyl-resin 
glues, but recovered strength 
782 pounds, per cent the 
value, after the high-low hu- 
cycle. This may evidence 
the moisture-resisting effect the 
ingredients. The other two 
modified glues and 10), containing 
resins, were not available when 
these particular tests were made. 

The effect longer periods such 
cyclic exposure dowel specimens 
with one polyvinyl-resin emul- 
sion glue discussed Part VII. 


Moisture Resistance 
Edge-glued Joints 


the work reported previously 
(1), edge-glued joints hard maple 
lumber panels were shown par- 
ticularly sensitive moisture changes, 
typical seasonal atmospheric mois- 
ture variations, with certain 
resin emulsion glues. 
seemed desirable repeat such studies 
with presently available emulsion 
glues, using conditions gluing and 
panel construction that were 
trolled closely possible. Since 
swelling and shrinkage stresses are 
largely dependent specific gravity 
for given species, this factor was 
controlled closely possible. 

Test maple boards 
edged glued together sets 
form 14- 16-inch panels. Three 
panels were glued with each the 
resins and with animal glue. 
Separate sets additional panels 
and the animal glue. 

The boards for gluing were se- 
lected that all panels were approxi- 
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each three conditions. 


5.—Results tests dowel joint specimens 
emulsion glues and animal glue and tested 


mately equal overall density. How- 
ever, the sets panels prepared 
for each glue, the adjacent boards 
varied greatly density, 
moderately the second panel, and 
were almost equal the third. This 
was done vary the possible amounts 
stressing the joints when the 
panels underwent moisture content 
changes. Edges were carefully jointed 
just before gluing. Wood was per 
cent moisture content. 


The panels were prepared apply- 
ing the glue one side each joint 
brush, and then clamping them 
immediately with bar clamps spaced 
equidistantly along the 14-inch length. 
Each panel was 
The clamps were removed after over- 
night cure 75° 


The panels were then allowed 
condition for week 80° and 
per cent relative humidity before 
they were planed thickness 
34, inch and trimmed inch 
size shown Fig. Three panels 
with each glue were then exposed for 
weeks per cent relative humid- 
ity followed weeks per 
cent relative humidity, both 80° 
The other set panels with certain 
glues was exposed for weeks 
per cent relative humidity followed 
weeks per cent relative humid- 
ity, both 80° 


During and after exposure these 
cycles, any visible delamination the 
glue joints was measured and recorded 
percentage the total length 
glue line the faces each panel. 
Generally, the greatest amounts 
delamination were noted after the dry- 
ing phase the cycles. 


Test average percent- 
after the exposure each group 


the panels the high-low humidity 
cycles were: 


90% AND 80°F. 
90-30% RH. 
CYCLE 


GLUE 


made with 
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Percentage 
delamination! 
80-30% 90-30% 
Glue Cycle? Cycle? 
, = 60 
0 14 


the percentages the total length 
gluelines the faces each panel. 

2Each value is the average for 3 panels, except 
for Glues and which are for panels. 

dashes indicate panels with these glues 
were exposed this cycle. 


Generally the greatest percentages 
delamination for any one glue were 
noted for the panel with the greatest 
difference density between two ad- 
jacent boards, and the least amount 
was panels which the boards 
were approximately the same den- 
sity. The results this experiment 
showed considerable variations the 
resistance the polyvinyl-resin glues 
the per cent relative humid- 
ity cycle edge-joint construction. 
Four glues showed less delamination 
than animal glue and six showed 
greater delamination. 

emulsion glues (Nos. and that 
had less delamination than animal 
glue the 90-30 per cent relative 
humidity cycle had more delamination 
the cycle than did the animal 
glue this exposure, although these 
differences were slight. The other two 
glues (Nos. and 10) were not avail- 
able when the cycle tests were 
made. 

The glues probably softened ex- 
posure high humidity, and stressing 
this softened glue the shrinkage 
the wood this exposure was 
presumably the reason why some 
the joints delaminated. Comparison 
this delamination data with data 
Table shows that the polyvinyl-resin 
glues that retained highest strength 
birch plywood shear tests after expo- 
sure high humidity also allowed 
least delamination these edge-glued 
joints. Emulsion glues with superior 


Fig. 6.—Construction edge-glued, hard maple panels 
used delamination studies. 
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Table SHEAR TESTS ROOM TEMPERATURE AND 160° YELLOW 
BIRCH PLYWOOD SPECIMENS MADE WITH TEN POLYVINYL-RESIN 
EMULSION GLUES AND ONE ANIMAL GLUE 


Tested at* Strength 
room Tested* retained 
Glues temperature 160°F. 

Per cent 


*The value before the dash the average shear strength pounds per square inch; the value after the 


dash the average estimated wood failure per cent. Each value the average for specimens. 
initial strengths room temperature that were retained 160°F. 


resistance delamination and high 
humidity included two the modified 
emulsions (Nos. and 10). The third 
modified emulsion, No. was not 
particularly resistant delamination. 

The results these panel delamina- 
tion tests generally confirm the con- 
clusions reached after similar tests 
the earlier polyvinyl-resin emulsion 
glues (1). Both series tests indi- 
cated significant difference the 
ability various competitive emulsion 
glues successfully resist delamina- 
tion when rather thick pieces wood 
are glued together unrestrained 
such means veneered crossbands, 
and are then subjected moisture 
content changes service. 

This ability restrain separation 
appears due, least part, 
the property creep cold flow, 
which allows glue yield to, rather 
than resist, deformation under con- 
tinued stress. This property creep 
may related the moisture resist- 
ance the glue but probably also 
related the composition the resin 
emulsion and the presence 
ticizers. 

The inability some these emul- 
sion glues resist internal stresses 
the joint that are due dimen- 


sional changes the wood, prob- 
ably their most serious limitation for 
edge gluing and laminating. 


VI. Heat Resistance 


Because the known thermoplas- 
ticity polyvinyl resins elevated 
temperatures, the performances typ- 
ical polyvinyl-resin emulsion glues was 
evaluated when tested immediately 
after reaching equilibrium typical 
elevated temperature. 
160° F., also included the 1947 
study, was selected and the plywood 
shear specimen was chosen for this 
work. 


Test plywood 
specimens, selected from the same 
larger group specimens prepared 
for the moisture resistance tests 
Part III, were tested 160° 
enclosing the grips 
apparatus chamber containing 
thermostatically 
heating elements. Specimens were 
the cabinet for minutes 
efore being placed the grips and 
loaded. Preliminary measurements 
glue line temperatures with thermo- 
couples indicated that 
reached 160° within this period. 


Table 5.—RESULTS TESTS YELLOW BIRCH PLYWOOD SPECIMENS MADE WITH 
GLUES AND EXPOSED ONE LABORATORY-CONTROLLED 
CONDITIONS FOR YEARS 


Strength and wood failure* 


Polyvinyl Polyvinyl Animal Casein 
Exposure Glue Glue Glue Glue 
Continuously at 80°F., 65 per cent 
(488-46) (606-53) (427-30) (403-2) 
Continuously 80°F., per cent 
(488-46) (494-48) (373-36) (367-56) 
Continuously 158°F., per cent 
(488-46) (373-36) (367-56) 
Repeating cycle weeks per cent rela- 
tive humidity and weeks per cent 
(488-46) (606-53) (427-30) (454-45) 
Repeating cycle of 2 weeks at 90 per cent rela- 
tive humidity and weeks per cent 
(448-46) (494-48) (373-36) (367-56) 


*The value before the first dash is the average shear strength in pounds per square inch; the value after 
the first dash the average estimated wood failure per cent; and the value after the second dash per- 
centage initial dry shear strength retained after years exposure (or shorter period noted). Each 
value is the average for 5specimens. The values in parentheses are the initial shear strengths and percentages 


of wood failure before exposure. 


+All specimens had failed completely in 2 months. 


{Specimens were cooled to room temperature before testing after exposure. 


specimens had failed months. 
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The tests were otherwise made 
accordance with ASTM method D906. 


results initial tests 
room temperature and tests 
160° are included Table 

The results show significant varia- 
tion the heat resistance the 
polyvinyl-resin emulsion glues (from 
per cent retention the 
room temperature strength 160° 
although the average retention 
per cent was equal that animal 
glue and all 
values 160° exceeded that for 
animal glue. 

general, these 
glues showed actual strength values 
160° that were within the range 
the best glues this type the 1947 
series, and the degree variation 
between glues the present study 
was much less than the earlier 


VII. Durability 


Since the durability characterist 
the polyvinyl-resin emulsion glues 
had not been studied the 
work the thermosetting resin 
and non-resin glues (3), three dur- 
ability studies involving this type 
glue were made. 

Exposure plywood specimens 
several conditions moisture and 
temperature: Work plywood speci- 
mens was conducted cooperation 
with the Office the Quartermaster 
General, Department the Army. 
Standard yellow birch plywood speci- 
mens were prepared with 
resin glues described Part 
Groups these specimens were then 
exposed several laboratory-controlled 
conditions, after which groups 
representative specimens from each ex- 
posure were tested intervals 
years. The results these tests (in 
comparison with animal and casein 
glued specimens this same study) 
are included Table 

These data indicate that both poly- 
vinyl-resin emulsions, well the 
animal and casein glues, retained all 
their initial joint strength over the 
4-year period exposure 80° 
and per cent relative humidity, 
normal room condition. The two poiy- 
vinyl-resin glues were more 
deterioration than the animal 
casein glues constant exposure 
per cent relative humidity 80° 
this exposure the animal glue 
all strength the end the first 
period, months. 

The casein glue, which contained 
added preservative, had only 
cent its initial dry strength 
months this exposure whereas 
two emulsion glues retained, that 
period, and per cent thir 
initial strength. These glues then 
creased gradually the and 
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Table 6.—RESULTS* TESTS HARD MAPLE ASSEMBLY JOINT 
SPECIMENS SEVERAL TYPES MADE WITH POLYVINYL-RESIN, 
ANIMAL, AND CASEIN GLUES AND EXPOSED FOR 
MONTHS THREE REPEATING HUMIDITY CYCLES 


afier years. 
was significant difference 
the performance the two emul- 


cent levels, shown Table 
glues the continuous exposure 


Joint quality after months 


Initialt 
first months, after which glue Casein 
and then retained approxi- Blocked 1,955-11 0-0 
macly this level strength for the 67-0 
this exposure were cooled room Casein 328-0 364-0 226-0 45-0 
temperature before tests. One the 45° grain side 
. olyvin — = 


than the non-resin glues when tested 
room temperature after exposure. 

the cyclic exposures, the poly- 
vinyl-resin glue joints were resistant 
those with casein glue and were 
more resistant than those animal 
glue. This was particularly true 
the 90-30 per cent relative humidity 
cycle. 

Exposure hard maple-block shear 
specimens 80° and per cent 
relative humidity: Hard maple-block 
shear specimens were made with two 
polyvinyl-resin emulsions under condi- 
tions similar those described 
Part II. Representative groups 
specimens each were randomly selected 
that each group represented several 
different joints, and one group with 
each glue was tested obtain initial 
control values. The remaining 
groups were exposed continuously 
80° and per cent relative humid- 
ity, and one group for each glue was 


tested intervals. Results these 
tests were: 


Joint Strength and 


Period Storage Wood 


(months) Glue Glue 
3,634-13 1,750-0 

3, 868-8 1,872-0 
3,780-—4 1,762-0 
2,096-0 


value before the dash the average shear 
strength in pounds per square inch; the value after 
the dash the average estimated wood failure 
per cent. The joints with each glue were cut into 
®° shear specimens and combined into one large 
group. Groups specimens were then randomly 
selected from this large group for test after each 
exposure period. 

were conditioned for days 80°F., 
and per cent relative humidity after gluing be- 
fore control tests were made. 


results indicate that there 
considerable difference the 
shear strength the two glues. 
was slight increase joint 
str ngth with both glues after 


*In this table the value before the dash the average failing load pounds, 
and the value after the dash the average estimated wood failure per cent. 
Each value is the average for 10 specimens. The data are from “Durability 
Woodworking Glues Different Types Assembly Joints,” 
and Olson, Journal the Forest Products Research Society, 


1953). 


about per cent moisture content after conditioning period 
following the gluing, but with exposure higher humidity. 

exposure was repeating cycle weeks per cent relative hu- 
midity followed weeks per cent relative humidity, both 80° 

§ Exposure was a repeating cycle of 4 weeks at 80 per cent relative humidity 
followed weeks per cent relative humidity, both 80°F. 

was repeating cycle weeks per cent relative humidity 
followed weeks per cent relative humidity, both 80°F. 

#The animal was the grade according Federal Specification 
CG-451. was prepared adding 168 parts water 100 parts glue and 
then adding parts proprietary preservative solution (all parts weight). 


One surface each joint was brushed 


with proprietary coagulant solution 


and air dried for one hour before applying the glue the other surface. 


**A commercial casein glue which was added parts weight sodium 
pentachlorophenate preservative for 100 parts dry glue. 


months exposure. During the sub- 
sequent years, each glue retained 


approximately the level reached after 
months. 


Exposure assembly joints three 
humidity cycles: Work resistance 
assembly joints humidity cycles was 
also conducted cooperation with the 
Office the Quartermaster General 
and the data were reported previously 
(2). This study involved seven types 
hard maple. Data the only poly- 
vinyl-resin emulsion glue tested are in- 
cluded here provide comparisons 
with those the animal and casein 
glues that study. 

The data these assembly joints 
after months exposure, pre- 
sented Table showed the 
vinyl-resin glue generally retained 
more strength than did either the ani- 
mal casein glue, particularly the 
more severe exposures. This emulsion 
glue was not durable side-grain 
side-grain joints (edged-glued joints) 
the 90-30 per cent relative humid- 
ity cycle, had also been indicated 
the delamination test (Part V). 
None the three glues remained 
strong the blocked joint because 
its construction, which involved joints 
end grain side grain that set 
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severe stresses the glue joints caused 
unequal swelling and shrinkage 
the wood during the humidity cycles. 


Summary 


The principal change 
resin emulsion glues, since the begin- 
ning their use woodworking, 
appears greater uniformity 
joint performance. The initial joint 
strength, moisture resistance, and heat 
resistance the glues studied 1947 
varied much more than that glues 
recently examined. 

Because their limited moisture 
resistance, the polyvinyl-resin emulsion 
glues are interest primarily for 
furniture and other interior-type ap- 
plications for which animal glues are 
often used. general, the thermoplas- 
ticity polyvinyl resins group 
does not appear serious limita- 
tion for many interior applications, 
demonstrated 
emulsion glues included the recent 

All these glues gave joints 
birch plywood that were least 
strong when tested 160° F., soon 
the glue line reached this tempera- 
ture, were well-made joints with hot 
animal glue. The selection such 
emulsion glues, however, for highly 
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stressed joints constructions where 
high temperatures are quite likely 
encountered over period time 
should carefully considered the 
potential glue user. One example 
would their use small radio and 
television cabinets that are not ade- 
quately ventilated. 

Polyvinyl-resin emulsion glues lose 
considerable proportion their ini- 
tial strength plywood and edge- 
glued joints when stressed during and 
after exposure high relative humid- 
ities, where wood approaches 
per cent moisture content. Most 
these glues such exposures, how- 
ever, retained shear strength ply- 
wood-type specimens least high 
that animal glue, and these emul- 
sion glues generally regained much 
their original dry strength when re- 
tions, where equilibrium moisture con- 
tent lower. 

The critical use limitation these 
Polyvinyl-resin emulsion glues for rel- 
atively mild service conditions appar- 
ently results from the combination 
their inherent elasticity and their fur- 
ther softening higher relative hu- 
midity conditions. This 
greater elasticity and inability the 
glue resist the continuous stresses 
that are developed either external 


The Effect Drying Conditions Strength 


loads dimensional changes the 
wood the moisture content changes 
from season season. This yielding 
the glue sometimes referred 
creep cold flow. 


Thus edge-glued joints, particu- 
larly dense woods, where the glue 
joints offer the only restraint joint 
slippage and delamination, 
resin emulsion glues not, 
group, resist sustained internal stresses 
enough consistently prevent delami- 
nation, well well-made joints 
with animal glue other conventional 
woodworking glues. However, some 
the polyvinyl-resin emulsion glues 
are much better than others such 


‘performance edge-glued joints and 


may good animal other 
conventional glues. test known 
which distinguish readily be- 
tween different glues this property 
other than those described Part 


Although the performance these 
emulsion glues laminated members, 
such bed posts and table legs, and 
similar interior applications, was not 
investigated, their elasticity 
dency delaminate during humidity 
changes would considered serious 
edge-glued constructions. The 
potential user should carefully con- 
sider this limitation. 


Taylor—Colquitt Co., Spartanburg, C., and Oregon Forest Products Laboratory, Corvallis 


Series specimens from same material were air-dried, kiln- 
dried, and dried organic vapors. Study was made effects 
various temperatures drying rate, hygroscopicity, modulus 
elasticity, compression perpendicular grain, work proportional 
limit, hardness, modulus rupture, and work maximum load. 


HIS STUDY WAS INITIATED deter- 

mine the effect the strength 
2-inch Douglas-fir dried the 
vapors three organic liquids tem- 
peratures 190, 225 and 250° 
Comparative data were obtained also 
the same material the green con- 
dition, when air-dried, and when 
dried with mild schedule. 

The Taylor-Colquitt Company, Spar- 
tanburg, C., assisted running the 
charges and preparing the report. 

The results obtained this study 
were similar those obtained 


contributed paper. 


cited. 
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MacLean who used thin sam- 
ples and different heating media. 


The temperatures employed some 
the higher temperature drying 
processes generally exceed 200° 
These higher temperatures have been 
shown previous investigators (1,2, 
3,4) have adverse effect cer- 
tain strength properties the wood 
depending the time exposure. 
maximum temperature 165° 
with total exposure time limit, un- 
doubtedly was stipulated for the kiln 
drying aircraft lumber order 
obtain product with maximum 
strength (5). Since some reduction 
strength would have little effect 


These elastic properties the emul- 
sion glues, not excessive, appear 
advantage certain furniture- 
type assembly joints, such dowel 
and mortise-and-tenon constructions, 
and permit these emulsion glues 
perform well when subjected the 
same high-low humidity cycies 
cause excessive delamination 
glued joints. such concealed assem- 
bly joints, some joint separation not 
serious since unseen and ‘he 
joint restrained certain degree 
the mechanical fit while the gluc 
moist and weak. Since these polyvinyl 
resins regain much their 
strength upon redrying, little 
nent harm apparently done and 
joints display good long-term 
ance high and low humidity 
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the use wood for many purposes, 
higher temperatures may justified 
that effect savings drying time, 
shipping, erection, and maintenance 
costs. 


Experimental Procedure 


Preparation Test Pieces: Eight- 
teen 214- 8-inch 
Douglas-fir timbers were 
square sections from which 
188 clear test pieces inches long 
were obtained. attempt was 
obtain timbers that were 
soned, that had 
straight, vertical grain, and with ring 
count rings per inch. 


The Authors: Arthur Eddy received 
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ciated with Oregon Forest Products 
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with TaCo Corp. 

Robert Graham received B.S. from 
sylvania State College, M.S. from Oregon :te 
College. charge wood preservation 
and Sigma Pi. 
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Table 1.—DESCRIPTION 40-INCH DOUGLAS-FIR TEST SERIES 


Initial moisture content 


Specific gravity Summerwood Rings per inch 
Per cent Per cent OD/OD* OD/OD* Per cent Per cent 
Dred organic D-25 26-32 0.565 25-45 6-27 
D-22 24-32 0.564 0.46-0.61 25-50 10-35 
D-23 25-32 0.563 20-45 7-36 
D-24 0.562 0.48-0.60 25-50 7-36 
: q <Oven-dry weight and oven-dry volume basis. 
test pieces were numbered con- Table 2.—DRYING DATA 
Moisture content determina- Pieces 
tions were made 1-inch cross sec- Moisture content with 
tions from the ends of each piece. The Series comb 
test series, each which containe 225 11.2 17.5 6.9-16.1 


wrapped paper, then 
stored cold room 35° Later 
the green samples were removed and 
stored under water until they were 
tested. 

The dried pieces were stored 
controlled-humidity room which was 
maintained temperature 70° F., 
and relative humidity per 
cent until tested. The equilibrium 
dried Douglas-fir was about per 


*Not end-coated. 


Drying vapors organic liq- 
uids: Four series were dried 
inch diameter 10-foot length cylin- 
der equipped with evaporator, con- 
denser, and separator. The organic 
vapors passed from the evaporator 
through the cylinder overhead 
condenser. The water was removed 
the separator and weighed deter- 
mine the extent drying. The follow- 


data and the least significant differ- 
ence values, based the per cent 
significance level, were calculated. 


Drying Results 


Drying temperatures 225 and 
250° vapors organic liquids 
greatly accelerated the drying rate 
end-coated material. The calculated 
drying diffusion constants, which are 


under these conditions. ing liquids were used obtain the measure the drying 

Characteristics the Wood: The desired drying temperatures: rates, were follows: 

natural characteristics the wood, Liquid Diffusion 


rings per inch and summerwood frac- 
tion 0.35 was characteristic the 
coast type. 

Drying Conditions: Because ex- 
cessive end drying series 
which was dried 225° F., the ends 
the pieces all the other test 
series were two heavy coats 
Urac 185 least hours prior 
drying. The drying conditions and 
the results are summarized Table 
All pieces were separated 3/4-inch 
stickers during drying. 

Air-drying: Series was dried 
indoors from May July 15. The 
temperature varied from 90° F.; 
the average temperature was estimated 
75° 

Kiln-drying: The following mild 
schedule was used kiln-drying series 
KD: 


Temperature 


Equilibrium 
Dry Wet 


Strength Tests: After drying and 
conditioning, the test 
pieces were surfaced all four sides 
2-inch square dimensions 
turned the standard room. About 
months elapsed from the completion 
drying the initiation the 
strength tests. All tests were made 
Tinius Olsen Universal Testing Ma- 
chine having 20,000-pound capacity. 
Deflections and loads were plotted 
flectometer. 


Throughout the testing program, 
number samples from each test 
series were removed periodically from 
the standard room for testing. Mois- 
ture content, specific gravity, and ring 
count measurements were made 
each piece. The moisture content sam- 

les from the pieces tested 
were taken near the break 
possible. Hardness and compression 


The similarity the diffusion con- 
stants for charges D23 
pors) and D24 (perchlorethylene va- 
pors) indicated that the drying me- 
dium may have had some influence 
the rate drying. 

Some pieces all 
rated along the springwood during 
testing, but there were visible in- 
(honeycomb) 
testing the air-dried kiln-dried 
charges charge D25 (190° F.), al- 
though nearly half the pieces charges 
D23 and D24 contained internal 
checks (Fig. 1). 

The cut ends the pieces dried 
vapors organic liquids were 
noticeably freer from exudate from 
vertical resin ducts than were those 
that had been air-dried kiln-dried 
(Fig. 2). 


the bending test pieces then store comparison the moisture content 
135 113 the hardness test values, indicated that 
samples. the drying conditions had marked 
Statistical analysis: analysis effect the equilibrium moisture con- 
255 variance was made each set test tent that the wood will assume when 
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Fig. 1.—Internal checking, not visible air-dried kiln-dried charges, 
was frequent charges D23 and 


A 


Fig. 2.—Exudate from vertical resin ducts was less evident vapor-dried 
than air-dried kiln-dried specimens. 


stored under standard conditions. Such 
changes the hygroscopicity wood 
have been reported early 1925 
(1). The average equilibrium moisture 
content varied inversely the tem- 
perature follows: 


Moisture content 


Bending Hardness 


Temper- After test test 
drying specimens specimens 
Deg Percent cent 
AD 75 ag..7 12.0 11.9 
KD 115 to 140 13.8 13.1 12.4 
D25 190 12.6 11.9 04.2 
D23 225 a2 .7 12.2 10.5 
D24 250 9.4 11.0 9.4 


The effect was greatest those 
samples taken nearest the ends the 


pieces (hardness tests) and least for 
those samples from nearer the center 
(bending tests). The moisture con- 
tent values from the 
were believed more indicative 
actual influence the drying 
conditions wood; also, they were 
stored the standard room for 
much longer period time than were 
the bending test specimens. 


Strength Results 


generally accepted practice 
correct the values per cent 
when comparing strength values 
wood different moisture contents. 


the hygroscopic properties the wood 
have not been altered the drying 
conditions, such procedure cannot 
questioned. Since the drying con- 
ditions employed this study ap- 
parently did change this wood prop- 
erty and the material was stored under 
standard conditions for what 
lieved have been reasonable 
time prior testing, the results 
were not corrected. The test data have 
been summarized Table All com- 
parisons were made with the 
series. 

mentioned previously, 
comb was found about per cent 
the pieces charges D23 and 
after they were tested. second 
failure worth noting was 
along the Both types 
failure are shown Fig. 

Green and air-dried series: 
ticity, and work maximum 
values for the green material were 
similar the average values for 
type Douglas-fir published 
479; the air-dry strength values 
tained these tests were 
higher. The work 
limit values for both the air-dry 
green series were about 
lower than the corresponding 
values. view the similarity 
the modulus rupture and 
elasticity values this difference may 
attributable the method used 
selecting the proportional limit point. 


Kiln-dried series: There was 
significant difference the strength 
properties the air-dried and kiln- 
dried material, although there was 
slight (1.1 per cent) but significant 
difference moisture content. The 
correction factors, applied, would 
have increased the values the kiln- 
dried series about those the air- 
dried series. 


End-coated series dried organic 
vapors: temperatures 225 and 
250° F., modulus rupture and work 
maximum load values were and 
per cent lower respectively than 
were those the air-dried series. 


Table 3.—STRENGTH TEST DATA FOR SMALL CLEAR DOUGLAS-FIR SPECIMENS 


Drying 
tempera- Specific 
Series ture gravity 
Deg OD/OD* 
0.565 
140 0.556 
190 0.565 
225 0.563 
250 0.562 
D22 225 0.564 
0.51 


USDA 


*Basis weight and oven-dry volume. 


Compression 
Modulus Modulus Work Work perpendic- 
Moisture proportional maximum Moisture ular 
content rupture elasticity limit load content grain 
Per cent Psi M psi In. Ib./eu. in. In. lb./eu.in. Per cent Psi Pounds 
12.0 2,025 1.381 10.64 11.9 934 
13.1 12,494 2,017 1.352 10.63 12.4 818 72! 
11.9 11,853 2,059 1.322 8.87 | 824 70° 
12.2 10,687 1,948 1.265 6.81 10.5 869 69: 
11.0 10,305 2,010 1.079 5.45 9.4 724 63: 
12.1 12,043 2,037 1.304 9.06 10.8 909 72! 
Green 7,600 1,550 0.85 6.8 aaate 510 48: 
12.0 11,700 1,920 1.96 8.6 910 


**The LSD (least significant difference) value the difference that any two averages must exceed before average can considered significantly higher 


the other. The 95 per cent confidence level was used as the basis for comparison. 


***Basis = oven-dry weight and green volume. 
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denotes significant difference. 
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reductions these values 190° 
were less than per cent. Work 
proportional limit and hardness were 


Table 4.—RATIO DRY GREEN STRENGTH* 
Drying conditions 


Kiln Organic vapors Air 

no: affected 190 and 225° Modu Modulus 1.33 1.28 


elasticity and compression per- 
pendicular grain were not affected 
any the temperatures used. 
series dried organic 
vapors (D-22): The strength values 
uncoated material dried 225° 
which were similar those ob- 


tained 190° with end-coated ma- 


Work proportional 
2.61 2.55 2.49 2.39 2.04 2.31 
Work maximum 1.54 1.54 1.28 0.99 0.79 1.26 


*Strength expressed fraction green value. 


Table THE STRENGTH PROPERTIES DOUGLAS FIR DRIED VAPORS 
ORGANIC LIQUIDS WITH THOSE OBTAINED MACLEAN HEATING 
THIN SECTIONS STEAM (3) AND WATER (4) 


temperatures except for work maxi- 


range 200 220° can ap- 


The strength properties were affected 


7 
time. The drying time for this series Strength property ture Time 
Deg Hours Per cent Hours Per cent Hours Per cent 
3.5 hours (31 per cent) shorter. 
j dried at 250° F. were found to con- Work to maximum load___ 190 92 83 y.. ie 
dry strength values *Strength expressed per cent conditioned air-dry control values corrected per cent moisture 
(Table was greater than 1.0 for 
static bending test properties all 


mum load above 190° These work 
values were per cent the 
green values 225 and 250° re- 
spectively. The ratios air-dry 
green values were much higher for 
the material used this test than those 


the average values reported 
Bulletin No. 479. 


Discussion 


Since corrections were made for 
significant differences moisture con- 
tent, the effect such changes will 
mentioned briefly. The increase 
the values the kiln-dried series has 
been pointed out. The only other se- 
ries affected was D-24 which was dried 
250° The values this series 
would have been lowered correc- 
tions had been made for moisture 
content. 

The results this investigation are 
comparable those obtained Mac- 
Lean (2,3) his studies the effect 
heating water and steam the 
strength small (0.16-by-2-by-13- 
inch) Douglas-fir specimens. The data 
are compared Table con- 
cluded “temperatures the 


plied for much longer periods with- 
out causing loss 
strength, than when higher tempera- 
tures the range 250° more 
are Although this statement 
essentially correct, heating tem- 
perature the range 225° ap- 
peared more critical than his 
reports indicate. The role the heat- 
ing medium these time-temperature- 
strength relationships was not clear. 

The test data should directly ap- 
plicable 2-inch stock dried va- 
pors organic liquids which the 
following reductions modulus 
rupture might expected. 

Below 200° F.—10 per cent less 


F.—10 per cent 
Over 225° per cent greater 


Conclusions 


Drying temperatures 225 and 
250° organic vapors accelerated 
greatly the drying Douglas-fir. 

The equilibrium moisture content 
the when conditioned 70° 
and per cent relative humidity, was 
reduced drying temperatures 190 
250° 
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the following manner: 


Modulus elasticity, and 

Compression perpendicular grain—not 
affected drying conditions 

Work proportional limit, and 

Hardness—affected only 250° 

Modulus rupture, and 

Work maximum load—affected 190, 
225, and 250° 
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Drying Stresses Red Oak: 


Effect 


JOHN 


The effects kiln drying 80° 140° and controlled 
room drying 35° and 80° tensile and compressive stresses, 
perpendicular grain, 2-inch red oak are reported. Increasing 
temperature tended increase maximum tensile strain the out- 
side layers the start drying and maximum tensile strain 
the center layers after stress reversal. Maximum compressive strain 
the center layers was about the same most temperatures but 
considerably lower 140° Temperature had little effect 
tension set the outside layers. The greater compression set the 
interior layers higher temperatures resulted significantly greater 


board shrinkage. 


Introduction 


HIS THE SECOND REPORT 

studies the internal stresses set 
red oak during drying, 
vealed strain analysis. The first 
covered effects humidity 
changes tensile and compressive 
stresses 2-inch red oak during kiln 
drying 110° This one covers the 
effects different kiln-drying tem- 
peratures from 80° 140° when 
schedule mild humidity reductions 
used. also deals limited ex- 
tent with the effects controlled 
room drying 35° and 80° 


The material and procedure were 
similar those the previous study. 
addition the primary findings 
internal stresses, significant data were 
obtained set and shrinkage, and 
their far-reaching, practical implica- 
tions are fully discussed. 


Past research and experience show 
that the ultimate strength and stiffness 
wood are reduced when the tem- 
perature increased. This espe- 
cially when the wood has high 
moisture content. There also tem- 
perature effect the permanent de- 
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formations sets resulting from ten- 
sion and compression beyond the pro- 
portional limit, when failure does not 
occur. Furthermore, there 
temperature-duration effect that 
gressively weakens the wood both 
tension and compression. 

Kiln-drying experience has shown 
that temperature strong factor 
control surface and end checking 
the start drying, honeycombing 
the intermediate phases, and ultimate 
dimension. view the above, 
study the effects temperature 
the stresses set wood while 
dries, revealed strain analysis, 
should contribute understanding 
the drying process and development 
more satisfactory drying techniques. 

For complete understanding, 
perpendicular-to-grain 
formation. Such information has been 
obtained for beech Ellwood (2) 
and Greenhill (3). Work 
tension and shear properties oak 


ULTIMATE 
STRESS 


CREEP. 
PROPORTIONAL 


STRAIN 
FAILURE 


STRAIN ——> 


Fig. 1.—General stress—strain diagram illus- 
trating terms used this report. 


Technologist, Forest Products Laboratory,’ Forest Service, Department Agriculture 


has been done Kollmann (4). Data 
are also necessary the effects 
long-time exposure moist wood 
kiln-drying temperatures. 
(5) determined the effects heating 
water and previously the effects 
steaming higher temperatures. 
and Buckman (7) have reviewed the 
early literature the effects 
steaming. 

General definitions some ‘he 
technical terms used this report 
given below, and illustrated Fig. 
promote better understanding ‘he 
subject. 


Stress—Internal force exerted 
ther two adjacent parts body 
upon the other across 
plane. 

Strain—Deformation “due 

Proportional greatest 
stress that material capable 
veloping without 
straight-line proportionality 
stress and strain. 

strain with time, 
under stress. 

Recoverable strain—That portion 


the strain that recovered when the 
stress released. 


Set—Deformation remaining after 
the release the stress. 


Material Tested 


The specimens were from the first 
second logs northern red oak 
(Quercus rubra L.) trees grown 
good site southern Wisconsin. They 
were about 110 years old and 
100 feet high. The number rings 
per inch was 10. (One specimen, 
which was dried 35° F., was from 
similar material used the previous 
study. 

The material was clear, flat-sawed 
heartwood and, except for one speci- 
men noted later, strictly green. Mois- 
ture content was between and 
cent; green specific gravity 

etween 0.51 and 0.60. 

The principal research was 
with one specimen each test 
perature. One check specimen was 
liminary comparative analysis 
strain results 110° with those 
the previous study. 
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Test Methods 


The general methods marking 
and measuring the specimens, operat- 
the dry kiln, measuring the strain 
the slices, determining slice mois- 
ture content, and determining board 
and set were essentially the 
those used the previous 
(6). 

runs were made 80° 
95° 110° 125° F., and 
small, experimental drying 
mild relative humidity 
reduction schedule essentially the same 
that used run the previous 
study was used. 


The controlled room drying was 
done the Forest Products Labora- 
tory 
rooms. There was forced air circu- 
lation directly across the specimens. 
One specimen was dried days 
the cold-storage room 35° with 
the equilibrium moisture content 
18.5 per cent. This specimen then was 
kiln dried, starting 110° The 
other two specimens were dried 
series conditioning rooms 80° 
Details the drying conditions are 
shown the graphs the results, 
Figs. through 

mens were marked with 
tions every inches along the length. 
Each section was marked for slices 
from top bottom. The width the 
green specimen was measured each 
slice position for original dimensions. 
After each interval drying, one sec- 
tion was cut off. The remainder the 
specimen was end coated and replaced 
the kiln. 

The long dimension each slice 
the section was measured get 
board shrinkage date and the before- 
cutting dimension for recoverable 
strain measurements. The slices were 
measured again after they were cut, 
and the differences dimension, con- 
verted per-inch basis, were con- 
sidered The current 
weight each slice was obtained, then 
was carefully dried the ovendry 
condition, reweighed, and remeasured. 
Details are described the previous 
paper (6). 

technique 
was used for the specimens dried 
140° plywood sheet was fastened 
top the regular bandsaw table 
and preheated. The foil wrappers were 
preheated also. The section, and later 
the slices, were placed between two 
the cutoff isolation section 
minimize heat losses during meas- 
urement. Thus, the heat losses for the 
tests 140° were believed have 


tests 125° had little greater, 
and those 95° little smaller, 
temperature contraction 
those 110 This contraction 
amounts about 0.001 inch per inch 
slice cooled from 110° 80° 
affects the exact magnitude 


MOISTURE CONTENT 


OF SLICES (PERCENT) 
J 8 


TOTAL SHRINKAGE 
OF SLICES (PERCENT) 


the strains but not the overall results. 
Some warming the sections and 
slices tested 35° occurred before 
and after section measurement and 
slice cutting, but the elongation was 
greater magnitude than the con- 
traction from 110° 80° 
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COMPRESSIVE STRAIN 
PER INCH) 


TENSILE STRAIN 
“INCH PER INCH) 


6 24 32 


TEMPERATURE (°F) 


40. 6 270 88 
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Fig. 2.—Strain, set, and moisture content slices 7-inch 
northern red oak kiln dried 80° 
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Fig. set, and moisture content slices 7-inch northern 
red oak kiln dried 95° 
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held about the same for the 
tests 110° (6). 

similar modifications were made 
the other temperatures. Thus, the 


56 CENTE) | 
9! | 
STRAIN 
| 
10+ + 
H 


MOISTURE CONTENT 
OF SLICES (PERCENT) 


TOTAL SHRINKAGE 
OF SLICES (PERCENT) 


COMPRESSIVE STRAIN 
(INCH PER INCH) 


TENSILE STRAIN 
(INCH PER INCH) 


EQUILIBRIUM MOISTURE 
CONTENT (PERCENT) 


MOISTURE CONTENT 
SLICES. 


CENTER 


Ne 


26 28 36 40 46 “8 52 56 60 6¢ 
ORYING TIME (DAYS) 


Fig. 4.—Strain, set, and moisture content 7-inch northern 
red oak kiln dried 110° 
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Fig. 5.—Strain, set, and moisture content slices 7-inch 
northern red oak kiln dried 125° 


The schedule used dry the slices 
carefully for set indications was days 
cent equilibrium moisture content, 
days the room, and day oven 
214° 


Results 


Figs. inclusive show the major 
results—strain various slices, their 
total shrinkage indicating set, and 
their moisture content function 
time. Figs. 2-6 are for kiln drying 
temperatures 80°, 95°, 110°, 
125°, and 140° Figs. are for 
controlled room drying 35° 
80° all cases, the results the 
two slices equidistant from the 
were averaged, and the average 
shown single value. 

Figs. 10-12 show moisture gr: 
ents important points the dry 
for the different kiln temperatu 
Figs. and show board shrink. 
tent instead time. 

Tables give data time 
nificant points the strain curves 
maximum strains. Table gives 
the magnitude the sets ‘he 
various temperatures kiln drying 

Kiln Drying: The strain patterns 
shown Figs. are generally the 
same for all temperatures studied and 
similar the pattern for mild 
midity reduction 110° the 
previous study (6). 

The tensile and compressive strains 
shown Figs. and elsewhere 
this report are recoverable strains, the 
amounts strain recovered when the 
stresses are released the slice-cutting 
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Fig. 6.—Strain, set, and moisture 


slices 7-inch northern red cak 
kiln dried 140° 


AUGUST, 19°5 


: 
10 
2-— 7 
10 006 
TEMPERATURE (°F) 
\ | | 
| 
| 4,10 OUTSI 
| | 4 
42 6 32 56 40 “8 
232 


operation. The total strains include 
shorten the terminology this 
report, the recoverable strains will 
referred hereafter simply tensile 
strain and compressive strain. 

the outside slices into 
tension and the inner slices into com- 
pression right from the start. The ten- 
strain reaches maximum, then 
subsides zero. The outside slices 
then into compression until the end 
run. The center slices continue 
Then the compressive strain subsides 
zero and the center slices over 
into tension. 


The graphs show actual data points 
and general deviation the curves 
connect the data points, whereas, for 
purposes simplification, the curves 
the previous paper (6) were 
smoothed between data points. 
not the purpose this paper specu- 
late the causes the irregulari- 
ties; rather, the data will used 
bring out significant temperature 
effects. 


Table gives the time maximum 
tensile strain the outside slices and 
the value the strain. Moisture con- 
tent data and equilibrium moisture 
content conditions are also shown 
indicate the stages drying when the 
maximums occurred. The higher the 
temperature, the earlier the maximum 
tensile strain occurred. There also was 
trend toward higher strains the 
higher temperatures. The general or- 
der magnitude the maximum ten- 
sile strain, 0.0031 0.0046 inch per 
inch, was the same that observed 
for red oak the previous study (6), 
and earlier for sweetgum heartwood 
borough and Smith. The results 
that study were reported Rietz 
(8). 


Table 1.—STRAIN AND MOISTURE CONTENT 
TIME MAXIMUM TENSILE STRAIN 
OUTSIDE SLICES 


Equilib- 
Time 

maxi- Maximum mois- moisture 

Tempera- mum tensile ture content 
ture strain strain content in kiln 
Days In./in. Percent Percent 
0.0032 49.0 15.1 
0031 63.5 18.0 
110. 0040 61.9 18.0 
125 0037 70.9 18.0 
140 0046 66.0 18.0 


experiments showing only 
slight effect temperature maxi- 
mum tensile strain the outside slices 
for American beech. From this con- 
cluded that studies using the slicing 
technique had limited value. Ellwood 
strength data calculate 
and strains occurring hypo- 
beech board, and combined 
the data Loughborough and Smith 
for slice elongation and contrac- 


tion with their data for set calcu- 
late total strains. 


not the purpose the present 
paper apply the results 
the whole drying-stress problem, but 
rather present them broader 
base for future analyses the prob- 
lem and draw some conclusions that 
have some immediate application. 


The present study offers evidence 
some differences tensile strain 
the outside slices function 
temperature within the general order 
magnitude observed and more im- 
portant effect compressive strains. 
also shows significant effects the 
amount set discussed under 
later heading. 


all temperatures the maximum 
compressive strain the center slices 
occurred considerably later than the 
maximum tensile strain the outside 
slices. Note that the time scale Fig. 
for 80° F., half the time scale 
the higher temperatures. 


the experiment sweetgum 
heartwood (8), the compressive strain 
the center slices did not reach 
maximum until the tensile strain the 
outside slices was nearly back zero. 
This was not the case the present 
experiment. This difference gives fur- 
ther evidence that sweetgum and oak 
heartwood have considerably different 
seasoning characteristics far in- 
ternal stress-strain relationships are 
concerned. 

With all five temperatures used 
this work, there was considerable ten- 
sile strain the outside slices when 
the maximum compressive strain the 
center slice was reached. Also, the 
compressive strain the center slices 
was back zero when the 
stresses the outside slices reversed. 

The maximum compressive strain 
the center slices the resultant the 
stresses all slices tension. cer- 
tain amount due tensile stress 
the outside slices. This augmented 
tensile stresses the second and 
ninth slices and sometimes those 
the third and eighth slices. Each 
slice also may through stage 
where partially tension and 
stresses between these tensile and com- 
pressive forces are concentrated within 
the slice. 

stresses the outer slices work 
build the maximum compressive 
strain the center slices, should 
remembered that the values shown 
the lower part Figs. 2-6 are 
strains, stresses. the outside 
slices get drier, the amount stress 
represented given amount 
strain increases. 

The maximum compressive strain 
the center slices, shown Table 
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approximately the same, about 0.003 
inch per inch, for all temperatures 
except 140° The fact that this 
strain the center slices was con- 
siderably smaller 140° than 
the lower temperatures one the 
most significant findings this work. 
This result was confirmed two 
check runs 140° which the 
center slices reached maximum com- 
pressive strains 0.0023 and 0.0028 
inch per inch, respectively. 


Table 2.—STRAIN AND MOISTURE CONTENT 
TIME MAXIMUM COMPRESSIVE 
STRAIN CENTER SLICES 

Equilib- 
Time Maximum Average rium 
maxi- compres- mois- moisture 


Tempera- mum sive ture content 
ture strain strain content in kiln 
Days In./in. Percent Percent 

0.0029 31.6 6.3 


Although there possibility that, 
between the data points, there occurred 
sharp increase higher maximum 
strain followed abrupt decrease, 
there was indication that this may 
have happened any the runs 
140° The low compressive strain 
140° directly related the 
amount compression set the cen- 
ter slices, which will discussed later. 


general, for temperatures 95° 
and above, the third and eighth 
and fourth and seventh slices reached 
maximum compressive strains before 
the center slices did. The strains were 
less than those the center slices, 
and they subsided zero before the 
strains the center slices reached 
zero. 


The behavior the third and 
eighth and fourth and seventh slices 
140° F., shown Fig. dif- 
fered sharply from the general pat- 
tern. the 11th day these compres- 
sive strains increased sharply, with the 
fourth and seventh slices approaching 
the maximum compressive strain 
the center slices. This may related 
the extreme maximum tensile strain, 
about 0.003 inch per inch, slices 
and after days drying. lower 
temperatures the tensile strain slices 
and did not exceed 0.002 inch per 
inch. 

the check runs 140° there 
were such major irregularities 
the strain lines for the third and 
eighth and fourth and seventh slices, 
but compressive strain maximums for 
the latter pair slices coincided with 
the maximums for the center slices. 
The maximum tensile strain for slices 
and was 0.0026 inch per inch 
the second and 0.0021 inch per inch 
the third check run. There was 
slight peak the maximum tensile 
strain the outside slices for the sec- 
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ond but not for the third check run. 


The maximum strain was 
0.0039 inch per inch 
specimens. 


indicated Table the time 
required reach maximum compres- 
sive strain the center slices was con- 
siderably shorter the higher tempera- 
tures. The average moisture content 
was fairly low for 80° F., somewhat 
higher for the next two temperatures, 
only slightly higher for 125° F., but 
considerably higher 140° in- 
dicated the equilibrium moisture 
content values, this point occurred 
little later the drying schedule for 
the lower temperatures than for the 
higher temperatures. all cases, how- 
ever, the average moisture content val- 
ues were above per cent and the 
center slices were considerably above 
the fiber saturation point. 

After the tensile strains the out- 
side slices attained their maximums, 
they returned zero. While under 
tension, the wood these slices took 
set that tended hold its di- 
mension greater than would have 
been shrinkage had been unre- 
strained. Then, the interior slices 
continued shrink, the outside slices 
were forced into compression. 

The time which the outside slices 
changed from tension compression 
shown Table The higher the 
temperature, the earlier this occurred 
and the higher was the average mois- 
ture content. 95° and higher, 
the average moisture content was not 
far from per cent. this average 
moisture content, the outside slices 
were below the fiber saturation point 
and the interior slices were above it. 
This average moisture content, how- 
ever, where the first, mildest 
changes temperature are recom- 
mended the Forest Products Labo- 
ratory standard kiln schedules (9). 


Table 3.—MOISTURE CONTENT TIME 
STRESS REVERSAL THE OUTSIDE SLICES 


Equilibrium 


Average moisture 
Time to moisture content 
Temperature reversal content in kiln 

95__ 45 27.0 3.8 
27.6 4.5 
125__ 24 30.0 6.3 
140 6.3 


will noted from Figs. that, 
when the outside slices into com- 
pression, slices and and and 
have compressive strains close zero 
slight tensile strains and the com- 
pressive strains slices and are 
less than 0.001 inch per inch. Thus, 
minor changes temperature would 
not expected have great effect 
here. 

Shortly after the slices 
changed from tension compression, 
the center slices went into tension. The 
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tensile strains the center slices, ex- 
cept 80° F., generally 
maximum, then receded slightly to- 
ward zero. Table shows the time 
which the first maximum tensile strain 
occurred, the value the strain, and 
the average moisture content. this 
stage drying, the moisture content 
the center the specimen rela- 
tively high coincidental with relatively 
high tensile stresses. This the period 
during which honeycomb might occur 
the stresses were great enough 
exceed the ultimate strength the 
wood. The amount this strain 
greater the higher temperatures than 
the lower temperatures. 


Table 4.—STRAIN AND MOISTURE CONTENT 
TIME FIRST MAXIMUM TENSILE 
STRAIN CENTER SLICES 

Equilib- 
Time to Average rium 
maxi- Maximum moisture 


Tempera- mum tensile ture content 
ture strain content kiln 
i Days In./in. Percent Per cent 
48 -0012 21.2 2.1 
ER 30 .0018 19.6 2.7 


(1) This point not definitely established 80° 


The maximum tensile strain the 
center slices considerable signifi- 
cance two temperatures, being about 
0.002 inch per inch 125° and 
about 0.003 inch per inch 140° 
The corresponding values were 0.0028 
and 0.0024 inch per inch, respectively, 
the second and third check runs 
140° 


These high tensile strain values for 
the center slices resulting from high 
temperatures during drying confirm 
previous general observations that too 
high average temperature during 
the first stages kiln drying may lead 
honeycombing later. The fact that 
central-slice tensile strain rapidly at- 
tains maximum after stress reversal 
explains why sudden application 
high temperature before all the 
wood below the fiber saturation 
point also can cause honeycombing. 


The strain pattern 80° differs 
somewhat from that the higher 
temperatures, although there are some 
special similarities the next higher 
temperature, 95° previously 
noted, the time scale for Fig. one- 
half the scale Figs. 

first interest the prolonged 
time approximately maximum ten- 
sile strain the outside slices about 
days. This was fairly well dupli- 
cated the run 95° Second was 
the low value the tensile strain 
slices and Third that slices 
and and and stayed compres- 
sion about long slices and 
and they essentially held their max- 
imum compressive strain until slices 
and had reached maximum. 


Finally, stress reversal was rather 
confused and drawn out. Slices and 
returned compression and all the 
interior slices then went together into 
tension, with tensile strains low 
magnitude. 95° stress reversal 
was more clear cut, but the first max- 
imum tensile strain slices and 
was not great the tensile striins 
the other interior zones. 


The strain curves for the check run 
80° had irregularities that dif- 
fered from those the original 
run, but significant points were very 
similar. For instance, maximum tensile 
strain the outside slices 
days and was 0.0033 inch per 
Maximum tensile strain slices ind 
was 0.0013 inch per inch and oc- 
about this magnitude lasted 
the 33rd day. Maximum 
strain slices and was 
inch days, but the strain was still 
0.0028 inch per inch days. 


Compressive slices ind 
and and held near their 
imum values until the 40th day. The 
same general pattern stress 
occurred, with the strains 
slices closely bunched from the 60th 
day the end drying. The average 
tensile strain the 76th day was about 
0.0006 inch per inch. 


Controlled Room Drying: Drying 
controlled 
rooms similar air drying 
spect low temperature and low 
air circulation across the board sur- 
faces, but differs that temparture 
and relative humidity not fluctuate. 

The strain pattern shown the 
35° portion Fig. relatively 
simple and regular. Half scale was 
used only the first the 
days drying. The tensile strain 
the outside slices was comparatively 
low and probably did not exceed the 
proportional limit, even 
equilibrium moisture content was ap- 
proximately the same that used 
the kiln runs. The top portion the 
figure shows that considerable drying 
had taken place the outside slices, 
but the second and ninth slices 
had dried considerably, that the 
moisture gradient was not steep. Com- 
pressive strains the interior 
were very small. 

The data fail disclose any 
for the tensile strain line 
and 10, returning almost 
the end air drying. The entire 
men was brought from the cold 
phere room temperature for saw ng, 
but the time section cutting, 
urement, slicing, and ent 
was not prolonged and the 
would little different from 
cutting the previous sections the 
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cold atmosphere, then bringing them 
the saw room for measurement and 
slicing. 

The 110° portion the kiln 
drving this specimen gave results 
somewhat from those for 
kiln drying from the green condition. 
M.ximum tensile strain the outside 
The strain, 0.0031 inch per 
was less than that obtained with 
the specimen this experi- 
but about the same that ob- 
taincd the previous study (6), the 
matcrial which this 
matched. Tensile strain these out- 
side slices returned fairly quickly 

Slices and fairly rapidly attained 
tensile strain 0.0017 inch per 
inch, then went slightly into compres- 
sion. The fact that all slices were 
neutral from the 
48th the 59th day indicates some 
flaws technique analysis methods. 
Similar periods occurred under some 
the other conditions. However, the 
magnitude the discrepancies does 
not appear great enough obscure 
real differences. 

The low value maximum com- 
pressive strain the center slices was 
quickly attained. The strain relations 
the 38th day, after days kiln 
drying, are about the same those 
days kiln drying from the green 
condition 110° The moisture 
gradients, shown the upper por- 
tions Figs. and are not too far 
apart, although the lower equilibrium 
moisture content days kiln 
drying has resulted lower moisture 
content values for the two outer pairs 
slices. 

strong build-up compressive 
strain apparently started the outside 
slices between the 48th and 52nd days 
drying, with correspondingly low 


Why this compressive strain 


dropped back the neutral region 
unexplained, since the humidity reduc- 
tion schedule was more severe than 
those used other runs and there 
were errors kiln operation. 

Use 120° and 130° between 
the 59th and 69th days resulted 
rapid drying the outside slices 
low moisture content values and new 
buildup compressive strain 
value higher than was obtained any 
the other runs, except the second 
and third check runs 140° F., which 
also dried the specimens very low 
moisture content values. The center 
built high tensile stresses 
drying low moisture content values 
130° 

(1) results relief 
and set, that the 5-day period 


180° did not reduce compressive 
strain the outside slices but did 
relieve somewhat the tensile strain 
the inside slices. The 2-day condition- 
ing period 180° and 12.2 per 
cent equilibruim moisture content ob- 
viously relieved the set and stress and 
gave slight stress reversal. 


Controlled room drying green 
specimen 80° gave strain results 
shown Fig. somewhat similar 
equilibrium moisture content condi- 
tions were high (20.4 per cent). Com- 
pressive strain the interior slices 
was very low. 
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Fig. 7.—Strain, set, and moisture content slices 7-inch northern 
red oak under controlled-room, air, drying 35° 
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Fig. 8.—Strain, set, and moisture content slices 7-inch northern red 
under drying 80° F., from the green condition. 
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Fig. set, and moisture content slices 7-inch northern red 
oak under controlled-room drying 80° F., from the partly dry condition. 


When the equilibrium moisture con- 
tent was dropped even little, 15.9 
per cent, strains similar those ob- 
tained kiln drying were found. The 
tensile strain the outside slices went 
higher value than for kiln dry- 
ing 80° and 95° 

The development compressive 
strain the interior slices was about 
the same kiln drying 80° 
The same may said stress reversal 
for the outside slices and the position 
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Fig. gradients, indicated 
whole slices, time maximum tensile 
strain outside slices. 
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the strain curves for slices and 
and and this point. Tensile 
strain the center slices and compres- 
sive strain the outside slices were 
comparatively low following 
reversal, but drying was terminated 
relatively high moisture content for 
this specimen. 

Similar results were obtained con- 
trolled room drying partly dried 
specimen 80° F., shown 
Fig. When controlled drying was 
started, the specimen was moved along 
the rooms maintained lower 
equilibrium moisture content faster 
than the green specimen. slightly 
lower maximum tensile strain was ob- 
tained the outside slices and lower 
maximum compressive strain the 
center slices. 

Reversal stresses was somewhat 
confused, with the drop equilibrium 
moisture content from 11.7 6.8 per 
cent the 55th day apparently caus- 
ing small increase tensile strain, 
and possibily more important in- 
crease tensile stress, that point. 

the final low moisture content, 
compressive strain the outside slices 
was high while tensile strain the 
interior slices was low. The data points 
are not close enough together, how- 
ever, indicate the course the 
curves between and 126 days. 


Moisture Gradients: The moisture 
distributions which the maximum 
tensile strain occurred the outside 
slices during the kiln-drying runs are 
shown Fig. 10. The moisture 
gradients were steep near the surface, 


steepest the higher temperatures 
where the maximums occurred much 
earlier the drying process than 
the runs lower temperatures. Except 
for 95° F., the average moisture con- 
tent the outside slices was above 
per cent, general value for the fiber 
saturation point. 

With the equilibrium moisture con- 
tent about per cent, small portion 
the slice, perhaps 1/16 inch, was 
below fiber saturation point. was 
this portion the wood, actually 
ing shrink but restrained 
cent portions, that created the tensile 
stresses within itself. also created 
compressive stresses the inside. 

Strains shown Fig. are aver- 
ages for the entire slices. 
the stresses are much higher the 
face than for the outside slice 
whole. 

The moisture distributions the 
time maximum compressive stiain 
the center slices are shown 
11. 95° and above, the 
moisture content the center 
was considerably above the 
uration point, and doubt the 
ture content midlength the 
and also were well above the fiber 
saturation point. 

The outside slices were 
below the fiber saturation point, ind 
the second and ninth slices perhaps 
had small portion below the fiber 
saturation point, with the rest 
just slightly above. The moisture gra- 
dient for 80° conspicuously lower 
and flatter than those the other 
temperatures. 

Fig. shows the moisture distri- 
butions the time first maximum 
tensile strain the center slices. 


MOISTURE CONTENT (PERCENT) 


SURFACE 
THICKNESS (PERCENT) 


Fig. 11.—Moisture gradients, indic ited 
whole slices, time maximum 
pressive strain center slices. 
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fairly flat moisture gradient has been 
reached this time. The 140° 
curve lower because the stage 
drying which this analysis was made 
later the drying period 
moisture content basis. Except 80° 
the average moisture content the 
slices was per cent above. 
the midlength the slices the 
moisture content was considerably 
higher. 

Some moisture content data the 
inches the center slices 
the time first maximum 
strain the center slices 
nearby points the strain curves are 
follows 


Moisture content center slices 


Drying 
temperature Entire slice Central portion 
Per cent Per cent 
24.3 27.6 
26.9 32.8 
26.5 31.7 
25.4 38.7 


The moisture content data for the 
specimens dried controlled tempera- 
ture-humidity rooms, shown another 
form the top Figs. 7-9, have 
already been discussed. 

The curves the top Figs. 2-6 
give additional information mois- 
ture content during kiln drying the 
different temperatures. general, the 
moisture content the outside slices 
drops off very rapidly from the green 
moisture content. the higher temp- 
eratures, the moisture content the 
second and ninth slices also drops off 
The moisture content curves 
the other slices fall fairly uni- 
form rate throughout the drying. 

Set: This has been generally defined 
permanent deformation strain 
remaining 
body after release the stresses. 
could conceived permanent 
deformation resulting from stress be- 
yond the proportional limit under 
short-time loading form creep under 
long-time loading stresses below the 
proportional limit. 

While under tension, the wood 
the outside slices was stressed for sev- 
eral days. The set that occurred 
these slices would tend reduce the 
resulting from 
loss moisture value below the 
normal shrinkage. seasoning term- 
inology this has been called tension set 
because occurred the wood was 
under tensile stress. Set also occurs 
the interior slices under the influence 
compressive stress, and this has 
called compression set. Its effect 
increase apparent shrinkage. 

this work, set evidenced 
the difference between the normal 
shrinkage the wood and the actual 
influenced the self- 
loads stresses. The amount 
can obtained from the slice- 


MOISTURE CONTENT (PERCENT) 


THICKNESS (PERCENT) 


Fig. gradients, indicated 
whole slices, the time first maximum 
tensile strain center slices. 


shrinkage data the central portion 
Figs. 2-9. The data shown are for 
total shrinkage the slices from the 
green the ovendry condition the 
resultant two drying processes: 
Drying the specimen under the con- 
ditions the. experiment; Drying 
the individual slices without res- 
traint under the mild conditions de- 
scribed this report. 


The normal shrinkage value for 
each specimen was obtained from the 
shrinkage slices and during the 
first stages drying. The strain curves 
for these slices generally did not de- 
part greatly from the neutral line. 
Normal shrinkage was also indicated 
the intercept the shrinkage 
curves for the outside slices. 


During slice drying, when the slices 
were removed from the kiln too soon, 
superimposed tension set somewhat 
complicated the results. Thus, the 
early stages some the runs, data 
for some all the slices have been 
omitted. 

The immediate development ten- 
sion set the outside slices and the 
delayed development compression 
set the interior slices were fully es- 
tablished run the previous 
paper (6) and confirmed the runs 
covered this paper where proper 
slice-drying conditions prevailed. 

The general pattern set illus- 
trated best Fig. All data points 
are shown. The normal shrinkage 
(slices and gradually decreased 
for days drying; thereafter 
was the same. The shrinkage all 
the interior slices was the same the 
shrinkage slices and for days 
drying. 

the third day the outside slices 
had developed slight amount ten- 
sion set, shown the difference 
between the curve for slices and 
and the curve for and 
considerably greater amount occurred 
the fifth day. The first maximum 
amount tension set the outside 
slices was achieved the wood 
these slices was approaching maximum 
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tensile strain. After some slight de- 
crease the 8th and 10th days, the 
tension set continued increase grad- 
ually until the 46th day. This was 
about the time the tensile strain 
slices and had receded zero. 


There may some question 
why set should continue increase 
while strain decreasing, but 
believed that the set increases long 
there any tension stress all, 
until the slice goes into compression. 
This due creep. the usual con- 
cept, creep thought continued 
deformation under constant dead 
load. Here apparently continues 
under decreasing load. Ellwood 
(2) has pointed out, the set part 
total strain, the other part being the 
recoverable strain shown the lower 
portions Figs. 2-9. 

Although tension set 
widely recognized having effect 
the shrinkage and warping 
wood, compression set often has not 
been recognized has been neglected 
shrinkage considerations. This study 
shows the very important part played 
compression set. 

During the latter stages drying 
the stresses are reversed, that the 
outside slices are under compressive 
stresses and the interior slices are 
under tensile stresses, yet the direction 
the set does not change unless suf- 
ficiently affected new stresses. Thus 
finally the wood with tension set 
under compressive stress and the 
wood with compression set under 
tensile stress. 

Compression set did not begin 
the interior slices until the maximum 
compressive strain was reached the 
center slices. Then greater-than-nor- 
mal shrinkage began for all slices 
the shrinkage curves for slices 
The amount set again considered 
the difference between the neu- 
tral line slices and and the 
shrinkage curve the interior slices. 
Here again the compression set in- 
creased and the maximum was not 
reached until the center slices passed 
from compression into tension. 

After days drying there was 
curve for all slices. This also evident 
the curves for the higher tempera- 
tures. The upswing generally followed 
reversal stresses. 

Because difference the gen- 
eral pattern, the slice shrinkage results 
80° are considered separately. 
Tension set the outside slices built 
quite strongly, but there also ap- 
peared some tension set slices 
and This same dropping the 
shrinkage curve for slices and oc- 
curred the check run 80° Thus 
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SHRINKAGE BEFORE SLICING (PERCENT OF GREEN DIMENSION) 
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Fig. 13.—Board shrinkage, shown center slices situ, for 
7-inch northern red oak kiln dried different temperatures 
function average moisture content the whole boards. 


seems that normal shrinkage 
better represented slices and 
days. The amount compression 
set this temperature very low. 

Likewise, the compression set low 
material that has been room dried 
110° room dried 80° from 
either the green partly-dry condi- 

pointed out the introduction, 
the data this paper the effect 
temperature set and consequent 
board shrinkage are considered highly 
significant. bring out this relation- 
ship, the maximum tension set the 
outside slices and the maximum com- 

pression set the center slices tem- 
peratures from 95° 140° are 
given Table 


Table 5.—SET VALUES AND EXCESS 
SHRINKAGE EXPRESSED 
PERCENTAGE GREEN 


DIMENSION 
Tension Compres- Excess 
set sion set shrinkage 
slices slices slices 
Temperature and 10 and 6 2 and 9 
Percent Percent Per cent 
1.56 0.76 0.25 
110__ 1.59 .78 48 
125_- 1.60 1.38 1.00 
140__ 1.88 1.63 1.16 


The degree which tension set 
affected temperature minor. The 
amount set fairly large the 
three lowest temperatures and not sig- 
nificantly different. slightly higher 
140° Thus would seem that 
previous general observations that low- 
temperature, low-humidity kiln sched- 
ules give more tension set than high- 
temperature, high-humidity schedules 
should have referred only the rela- 
tive humidities involved. 

From these data, does not appear 
that the temperature itself im- 
portant factor controlling tension 
set that such set the outer por- 
tions the boards important 
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SHRINKAGE BEFORE SLICING (PERCENT OF GREEN DIMENSION) 


MOISTURE CONTENT OF SLICE (PERCENT) 


110° 


controlling shrinkage and warp dur- 
ing kiln drying. 

the other hand, temperature has 
profound effect upon compression set 
the center slices and the other in- 
terior slices. shown Table 
the compression set slices and 
low the lower temperatures, 
considerably higher 125° F., and 
was about twice great 140° 
Because the great difference be- 
tween compression set low and 
high temperatures and the fact that 
the slices, compression set the 
interior slices would expected 
have considerable effect upon board 
shrinkage. The greater the tempera- 
ture the greater the board shrinkage 
that would expected. That such 
the case shown the following dis- 
cussion board shrinkage data. 


The last column Table shows 
the amount upswing the shrink- 
age-time curve for slices and after 
stress reversal. There very definitely 
phenomenon. 


Board Shrinkage: The effect 
temperature board shrinkage 
shown function the average 
moisture content the whole boards 
Fig. 13. The moisture content scale 
shown the reverse the usual 
plotting conform the time 
concept used plotting board shrink- 
age the previous study (6). 

Fig. shows definitely that the 
higher the temperature, the greater the 
shrinkage. per cent moisture 
content the specimen dried 140° 
had 6.7 per cent shrinkage while the 
specimen dried 80° had 4.1 per 
cent shrinkage. The relationship be- 
tween temperature 
seems fairly regular between 95° 
and 140° The board dried 80° 


Fig. 14.—Shrinkage slices while whole board, 
slice moisture content; 7-inch northern red oak kiln 


had considerably less shrinkage 
the one dried 95° 

The greater shrinkage the 
mens dried 95° and higher 
amounts compression set and with 
the fact that only slices and are 
under tension set while slices are 
under compression set. 80° the 
value compression set small. If, 
Fig. assumed that the 
shrinkage line for slices and be- 
tween the 21st and 40th days dry- 
ing extended intersect the line for 
normal shrinkage, then compression 
set the center slices somewhere 
between 0.40 and 0.70 per cent. 

Tension set slices and 
about 1.56 per cent, about the same 
95° 125° Only slices have 
compression set, and slices and 
appear have some tension set. The 
combination all these things would 
appear account for the considerably 
lower shrinkage 80° 

the previous paper (6), board 
shrinkage was shown, function 
time, for the center the board 
represented slices and and for 
the outside layers represented 
slices and 10. There was sharp 
increase shrinkage rate the out- 
side slices changed from tension 
compression. The higher 
nued until the interior slices reached 
their first maximum tensile 
after reversal stresses. 

Throughout the entire run, well 
during the first stages, the 
slices had smaller dimension 
the center slices. This was explained 
the basis that the outside slices 
ways are drier than the center 

order show the effect mois- 
ture content more clearly and 
bring out the effect stresses 
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rither unorthodox plotting the 
dimension each slice 
before was cut shown Fig. 
function that slice’s moisture 
conrent. 

any particular moisture content, 
shows that the outside slices 
dimension less than the 
slices. The shrinkage the out- 
side slices, more probably that 
only portion the outside slices, 
tend. compress the entire interior 
the board before its cells have lost 
below the fiber saturation 


Application Results 


Strain and set data the type given 
this paper have bearing kiln 
schedules for oak and other hardwoods 
two aspects—control seasoning 
defects, such surface checks and 
honeycomb, and control ultimate 
dimension and warping. 

The general pattern internal stress 
development and reversal 
woods indicated previous research 
has been amply confirmed the 
present study for red oak tempera- 
tures from 80° 140° Tensile 
stress the outside layers builds 
maximum comparatively early the 
drying run. 

Ellwood (2) has suggested that 
total strain, the recoverable strain 
plus set, more significant than the 
recoverable strain alone determin- 
ing whether not the wood will check. 
the other hand, recoverable 
strain drops off considerably, does 
soon after its maximum passed 
110° above, relative humidity 
can lowered progressively in- 
creasing rate. 

The permissible abruptness the 
relative humidity drop would depend 
upon the avoidance combination 
recoverable strain and set that 
equals the ultimate strain failure. 
With some woods, such sweetgum 
heartwood, this drop can very 
abrupt. The results the previous 
study (6) indicate there need for 
further knowledge the basic stress- 
strain relations perpendicular the 
grain before can concluded that 
abrupt drop relative humidtiy 
would safe for red oak. 

The present study indicates, how- 
ever, that gradually accelerating rela- 
tive humidity reduction that brings 
the moisture content down 
4.5 per cent the time the wood 
down about per cent average 
moisture content causes undue 
disruption the strain pattern. There- 
the safeness the standard 
Products Laboratory kiln sched- 
ules (9) generally confirmed for 
the more refractory hardwoods 
relative humidity reduction and 


avoidance surface checking are con- 
cerned. 


The data indicate that the higher 
temperatures used this work, there 
more rapid approach maximum 
tensile strain and steeper moisture 
gradient that stage drying. this 
report these facts are considered 
show the desirability using higher 
relative humidities, equilibrium 
moisture content values, and being 
more careful avoid mistakes kiln 
operation during the first day two 
when high temperatures are used 
dry wood. The data 
further suggest that high temperatures 
probably should avoided the 
start when drying refractory woods. 

One the moot questions strain 
analysis studies directly aimed kiln 
schedule development has been: How 
thick should the outside slice be? The 
examine such layer experimentally 
and, when was found set, 
proceed with rapid relative humidity 
reduction. The present study shows 
that, for 95° and higher, the layer 
set tension was one-tenth the total 
thickness and that there was grada- 
tion set across the slice. 

view these findings and the 
fact that relative humidity reduction 
can essentially completed before 
one-tenth the thickness has changed 
from tension compression, ap- 
pears that strain analysis the type 
used this study will more valu- 
able helping project basic stress- 
strain findings the surfaces, where 
failures can occur, rather than oper- 
ating techniques. 

Ellwood (2) has put for the con- 
cept that, order keep the outside 
layers from being strained the point 
failure, the interior zone must 
condition readily compressed. 
With the present study showing that 
the resisting central core comprises 
wood during the stage where max- 
imum tensile strain occurring, and 
that the compressive stresses the 
interior are below the proportional 
limit, the steepness the outer mois- 
ture gradient and the tensile properties 
the outside layers would seem 
greater importance surface checking 
problems. 

all the kiln-drying runs, regular 
stress-reversal pattern occurred before 
the interior the wood was below the 
fiber saturation point. This means that 
the interior subjected stresses that 
could cause honeycombing they were 
great enough. view the greater 
compression set the interior the 
higher temperatures, there greater 
amount interior tensile stress fol- 
lowing stress reversal and, conse- 
quently, greater tendency honey- 
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comb. This has been borne out ex- 
perience. The other factor, course, 
the weakening eftect long-time 
heating moist wood. 


can come about three 
ways: deepening surface check 
followed closure the surface 
(bottle-neck checks); extension 
end check; and spontaneous formation. 
The data clearly show greater amount 
tensile strain progressing from 
the surface temperature increased. 
Presumbably, similar effect would take 
place the zones underlying the end 
surfaces. There was also profound 
effect temperature tensile strain 
the center slices. Thus, use too 
high temperature would con- 
ducive all types honeycomb for- 
mation. 


The data for the controlled room 
drying runs show that these condi- 
tions are less likely produce surface 
and interior checks than the kiln-dry- 
ing conditions. Where experience has 
shown that woods surface check more 
under actual air-drying conditions, 
must assumed that low relative 
humidity and surface moisture content 
are responsible. along this 
line given the fact that abrupt 
lowering relative humidity had the 
effect shown Fig. 

Drying experience has shown that 
abrupt raising temperature very 
high values will cause honeycombing 
oak that has been partially air dried 
per cent moisture content 
above. This can explained the 
basis that the rapid drying the core 
sets high tensile stresses while the 
outside layers, being dry and having 
high compressive strength, not 
yield sufficiently. Also, the strength 
the wet wood the center layers 
decreased temperature raised 
drastically. the present experiment, 
the use 180° finish the kiln 
drying the specimen room dried 
35° came late the drying that 
honeycombing occurred. 

Regarding the influence drying 
temperature ultimate dimension 
and warping, the present study pro- 
vides data considerable importance. 
has generally been observed that, 
together with the greater shrinkage 
that occurs when wood kiln dried 
the higher temperatures, there 
greater warping. The data 
present study clearly indicate the basic 
reasons. 

Temperature has little effect ten- 
sion set the outer 1/10 the wood. 
large amount tension set oc- 
curred all temperatures from 80° 
140° under kiln-drying condi- 
tions. Also, 95° and above, such 
tension set gradient there was oc- 
curred within the outside slice. With 
slices and essentially neutral, the 
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interior slices all showed compres- 
sion set. This set was shown 
major importance because was greatly 
influenced temperature. 


The set the center slices 
140° was twice much was 
95° The fact that 6/10 the 
total thickness under the influence 
compression set and that the effect 
inevitable that high initial drying 
temperatures would cause more shrink- 
ing than low temperatures. 


The above conclusion and general 
drying observations this effect are 
well borne out the data shown 
Fig. 13. the other hand, must 
concluded also that the larger por- 
tion the board thickness having 
tension set when 2-inch oak dried 
use low temperature for shrinkage 
control. 


lower temperatures also permit 


lower initial relative humidities, 


amount tension set would greater 
and would have greater 
beneficial influence shrinkage. 


Warping directly related 
shrinkage. The shrinkage ordi- 
nary board never normal; in- 
fluenced tension set the outside 
layers and compression set the 
interior. Air drying and low-tempera- 
ture kiln drying have the past been 
considered conducive low 
shrinkage and low warping because 
the tension set the outside layers. 
The present data indicate the very 
compression set the core. 


spite the fact that tension set 
created the exterior layers while 
the bulk the wood holding the 
piece straight, warping influenced 
more the greater bulk the in- 
terior layers that tend shrink un- 
equally accordance with the grain 
and ring pattern the wood. 


Higher costs and other factors have 
recent years promoted the use 
higher kiln temperatures and kiln dry- 
ing green from the saw. Better 
edge drying stresses and better kiln 
equipment permitted use higher 
temperatures accelerate drying while 
avoiding drying defects. This has been 
accomplished with some sacrifice 
ultimate dimension and straightness 
lumber. 


would appear wise, therefore, 
make use the data the present 
study and other pertinent information 
help maintain maximum dimen- 
sion and minimize warping. Air dry- 
ing under conditions conducive 
rapid drying without surface and end 
checking would step the right 
direction. Some study has been made 
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this field during the last few years, 
but there would seem consid- 
erable room for more study. Before 
making unqualified recommendations 
for air drying, however, all the 
cost factors common air drying 
should recognized. 


Since the first water removed the 
drying green wood comes out rather 
easily low temperatures, there would 
seem big opening for more 
low-temperature predriers. These can 
constructed much lower cost than 
ordinary kilns because little heat 
needs used and they need not 
insulated prevent heat loss. High 
rates air circulation are desirable 
remove moisture from the surface 
the lumber. Some control humidity 
can obtained regulating the 
amounts air vented and recirculated. 
Greater control can gained regu- 
lating the amount heating the 
enclosed air above the temperature 
the outdoor atmosphere. 


This suggests study the relation- 
ship permissible initial humidities 
and temperature, because conditions 
loosely built predrier-type structure 
will have more keeping with 
the outdoor temperature than with any 
prescribed optimum. Operation would 
simplest for the drying woods 
that can stand very low humidities 
low temperatures, such the soft- 
woods. 


Another consideration 
aspect how best combine low 
kiln with the higher temperatures nec- 
essary complete the drying the 
kiln economically. The general proce- 
dure maintaining comparatively 
low temperature until the wettest spot 
the wood below the fiber satura- 
tion point, avoid honey- 
combing, line with keeping tem- 
perature low during the first part 
the run order avoid excessive 
set the interior. All the compression 
set built before stress reverses. 


The findings not, however, ex- 
plain the great amount excess 
shrinkage shown slices and 
the specimen kiln dried after con- 
trolled room drying 35° This 
excess shrinkage was largely built 
while the wood was drying 110° 
and 120° F., although slightly more 
was added 130° With present 
knowledge, the results this run 
cannot considered typical what 
would expected when lumber dried 
ordinary air drying predrier 
kiln dried. 

High final drying temperatures tend 
relieve both tension and compres- 
sion set slightly. The effect appears 
greatest the compression set. 


Summary and Conclusions 


temperatures from 80° 
140° under forced-circulation kiln- 
drying conditions, the general pattern 
stress development previously indi- 
cated elastic strain analysis for 
northern red oak and other hardwoods 
was confirmed. 


lished information strains sweet- 
gum heartwood, considerable tensile 
strain still existed the outside slices 
oak specimens when maximum com- 
strain the center slices oc- 
curred, and the compressive strain 
the center slices was nearly zero when 
stresses reversed the outside 


Using the same moisture 
relative humidity 
for temperatures from 80° 140° 
time maximum tensile strain ir. the 
outside slices was reduced the 
value the maximum 
temperature was raised. 


pressive strain the center slices was 
reduced temperature was but 
the maximum strain was the 
same all temperatures except 
140° F., where considerably 
maximum occurred. 

Stress reversal the 
slices occurred average moisture 
content about per cent except 
80° F., where the value was about 
per cent. 

Under controlled room drying 
conditions, both 
strain the outside slices and maxi- 
mum compression strain the 
slices were very low 35° and 
about the same 80° 
during kiln drying that 

Steeper moisture gradients 
vailed the time maximum tensile 
strain the outside slices the 
higher temperatures. 

Moisture content was still 
above the fiber saturation point 
throughout the center slices the time 
they were under maximum compres- 
sive strain. The middle portions 
these center slices also were 
above per cent moisture content 
when the first maximum 
strain occurred. 

Tension set the outside 
was comparatively large and 
temperature from 80° 125° 
was slightly larger 140° 

10. Compression set the 
slices was greatly affected 
ture, being small 80° 
and about twice large 140° 

11. Board shrinkage was 
profoundly influenced tem; 
ture, with increasing amounts in- 
terior compression set causing 
amounts board shrinkage 

erature was increased from 95° 
140° Decreasing interior 
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sion set plus increasing portion 
the thickness under the influence 
set caused decreased board 
temperature was decreased 
from 95° 80° 
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Tangential Shrinkage Serial Sections 
within Annual Rings Douglas-Fir 
and Western Red Cedar' 


HARVEY ERICKSON 


Associate Professor Forest Products, College Forestry, University Washington 


Tangential shrinkage was measured using image-projection 
technique and thin, serial sections across ring. Shrinkage varied with 
given bands springwood and summerwood. Frequently the 
shrinkage outer tracheids summerwood was less than inside. 
Data was reviewed specific gravity and shrinkage Douglas-fir 


springwood and summerwood. 


ever-present problem wood 
industries. change moisture con- 
tent wood caused change 
relative humidity usually results 
shrinking swelling, the magnitude 
which different for the three di- 
rections wood. Longitudinal change 
usually very small; radial and tan- 
gential changes are much larger. The 
tangential shrinkage often 100 
per cent greater than the radial. 
likely the most troublesome be- 
cause this inequality with radial 
change and because the actual mag- 
nitude involved. 

These experiments have been con- 
ducted intermittently since 1948. 
part the findings these studies 
are presented this paper. The data 
this study are for Douglas-fir 
(Pseudotsuga taxifolia (Poit.) Brit- 
ton) and western red cedar 
plicata Donn.). 


Literature Review 


There considerable information 
the general subjects springwood and 
summerwood properties, although some 
gaps still exist specific topics and 


results this experiment were pre- 

meeting Pacific Northwest Section, 
FPRS Oct. 13, 1953, Bremerton, Wash. 
Author: Harvey Erickson holds 
and Ph.D. degrees from the Min- 
was the staff West Virginia 
from 937-1947, when joined Wash- 
and growth yellow poplar. 


data which are based too limited 
samples true averages This makes 
comparison between species more dif- 
ficult even unreliable. 


full review the topics 
shrinkage and specific gravity 
springwood and summerwood would 
too lengthy but the more impor- 
tant aspects shrinkage will given, 
especially tangential shrinkage. 

The several mechanisms shrink- 
age that have been proposed inves- 
tigators have been reviewed recently 


Pentoney (24). However, the re- 
port omits some important published 
reports well some credits for 
theories shrinkage. 


Because the data the specific 
gravity springwood and summer- 
wood are not readily available, com- 
posite the studies made date 
presented Table Since specific 
gravity now commonly expressed 
both the oven-dry volume and the 
green-volume bases, calculations have 
been made where necessary obtain 
uniform basis for comparison com- 
puting the alternate specific gravity 
not given the original article. 


factor 0.28 cc. change vol- 
ume per gram oven-dry wood was 
used convert the volume wood 
substance for calculation the new 


Table 1.—AVERAGE SPECIFIC GRAVITY SPRINGWOOD AND 
SUMMERWOOD DOUGLAS-FIR 


Specific gravity, based oven-dry weight and 
Oven-dry volume 


Ratio of sp. gr. of 
summerwood to 


Green volume springwood 

Spring- Summer- Spring- Summer- Based 

wood wood wood o.d.-vol. vol. Investigator 

0.29* 0.82* 0.27 0.67 2.8 2.5 Pillow & Luxford (25) 
0.278 0.633 0.258t 0.538t 2.3 2.1 A. J. Stamm (30) 

0.32 0.98 0.29+ 0.77+ 3.1 2.7 F. E. Siimes (29) 

0.30* 0.79* 0.26* 0.69* 2.6 2.7  Trendelenburg & Schaile (33) 

0.344* 0.958* 0.312 0.744 2.8 2.4 Muller-Stoll (21) 

0.298 0.802 0.275* 0.655* 2.7 2.4 Hammond & Billington (11) 
0.235 0.591 0.220* 0.507* 2.5 * 2a F. B. Baker (2) 

0.39* 0.85* 0.35 0.69 2.2 2.0 RR. E. Pentoney (24) 

Ave. 
0.30 0.81 0.28 0.66 2.7 2.4 


*Indicates values reported by the investigator. 


Other specific gravity values are calculated using a 


sp. gr. (dry-vol. basis) 


conversion factor 28% based dry weight. Sp. gr. (green-vol. basis) 


sp. gr. (green-vol. basis) 


and sp. gr. (dry-vol. basis) 


1—(0.28 x sp. gr.) 


+The publication Siimes was not obtainable; this data has been reported Trendelenburg (33). 

tThe report by Stamm (30) does not specifically state that these values are from all springwood and all 
summerwood but assumed that, view the general agreement with other published data, springwood 
only and summerwood only represented the extreme conditions of his samples for his study of volumetric 
shrinkage.as was related variations density wood. 
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specific gravity. That factor ap- 
proximate value representing the vol- 
ume the moisture the fiber- 
saturation point for every gram 
wood dry basis. 

Fiber-saturation points are not 
ported all workers and, reported, 
generally vary from springwood 
summerwood (24, 34). Vintila (34) 
reports per cent for summerwood 
and per cent for springwood. 
determined, experimentally, specific 
gravities both dry- green- 
volume bases. 

The factor 0.28 cc. per gram 
wood checks within one the second 
decimal place with his experimental 
values specific gravity both dry 
and green bases. also the value 
found Stamm (30) the volume 
water held one gram Douglas 
fir fiber saturation; the constant 
which, when multiplied the specific 
gravity, was found Newlin and 
Wilson (22) give the average volu- 
metric shrinkage for commercial spe- 
cies this country. 

factor 0.30 used, the sum- 
smaller for the green-volume basis and 
slightly larger for the dry-volume basis. 

The values reported show the varia- 
bility gravity the spring- 
wood and the summerwood within the 
species. The average specific gravities 
normal Douglas-fir springwood vary 
from 0.220 0.35 green-volume 
basis, and for summerwood range 
from 0.507 0.77. The overall aver- 
ages are not weighted the num- 
ber samples trees used each 
investigator but they allow equal 
weight each reported average. 

Comparing the ratios summer- 
wood springwood specific 
ties (oven-dry weight, green-volume 
basis) the range averages was 2.0 
2.7 and the overall average was 2.4. 
These data show that the specific 
gravity wood dry-weight basis 
not simply proportionate average 
springwood and summerwood vol- 
umes times fixed specific gravity 
value for each, but also depends upon 
the variability the specific gravity 
each part the ring. Also has 
been found that there much varia- 
tion the specific gravity spring- 
wood and summerwood other spe- 
cies (17, 20). 

The values given Table 
not denote the variation the indi- 
vidual samples which usually quite 
large. Baker (2) obtained range 
specific gravity, green-volume basis, 
0.32 0.66 and average 0.507 
for 210 samples summerwood 
seven trees second-growth Douglas- 
fir. About one-half these were 
within the range 0.42 0.58. For 
springwood the range was 0.13 0.39 
and the average was 0.220. 
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The effect increasing specific 
gravity the wood decrease the 
difference between radial 
gential shrinkage, according For- 
saith (7), and this concept has been 
noted since and restated with proof 
several others. There also correla- 
tion between specific gravity and 
shrinkage isolated springwood and 
likewise for 
Vintila proved this for four species— 
Douglas fir, European larch, Scotch 
pine, and true fir. 


The correlation coefficients for 
shrinkages and specific gravity were 
not reported, but the degree cor- 
relation does not appear high. 
Vintila noted that the tangential and 
radial shrinkages isolated summer- 
wood Douglas fir were nearly the 
same with ratio 1.1 for tangential 
radial shrinkage. The corresponding 
ratio isolated springwood was 2.0. 
Among all four species, the ratios 
tangential radial shrinkage for sum- 
merwood were from 1.1 1.4 and 
for springwood from 2.0 2.8. For 
volumetric shrinkage, summerwood 
springwood ratio Douglas fir was 
2.28. 


data for isolated sum- 
merwood gives ratio tangential 
radial shrinkage 0.81. This con- 
trasts with the 1.1 reported Vintila 
and seems unusual because the 
only case where radial shrinkage was 
greater than tangential. For isolated 
springwood Pentoney’s data yield 
ratio 2.0 which less than the 
2.28 obtained Vintila but 
reasonable agreement considering the 
sampling single ring represented 
the smaller ratio. 


When the ratios tangential 
shrinkage detached summerwood 
detached springwood are compared, 
found that the ratios for Douglas 
fir are 1.9 (34) and 1.5 (24). The 
ratios for other species were 1.7 for 
European larch, 1.5 for silver fir, and 
1.4 for Scotch pine (34). The value 
for pine the same the average 
value obtained from calculations us- 
ing the data Ritter and Mitchell 
(28) for longleaf pine. The obvious 
deductions are that Douglas-fir tends 
have from per cent more 
inherent tangential shrinkage the 
summerwood than the springwood, 
whereas both pines show only per 
cent greater tangential shrinkage for 
the detached summerwood than for 
the springwood. 


This paper does not attempt full 
review the reasons why tangential 
shrinkage considerably greater than 
radial shrinkage both 
detached and place the wood 
block, and also greater summer- 
wood but lesser extent. The more 
important explanations involve the 


effects multi-layered cell wall, the 
angle cellulose orientation the 
cell axis and the variability the 
angle within the cell wall (radial com- 
pared tangential walls well 
within the layers the wall), the 
thickness the walls, the degree 
pitting, the shape and arrangement 
the cells and cell types, and the effect 
wood rays (1,3,4,5,6,8,10,12,18, 22, 
26, 27, 28, 30, 31, 32,34,35). 
much the pertinent literature 
this subject has been reviewed 
Pentoney (24). Additional 
tion will given here the 
lar factor the influence 
wood springwood during 
and the overall effect differer ial 
transverse shrinkage. 


Several workers (16,24,33) 
that gross tangential shrinkage 
mainly the result 
shrinkage but radially the gross 
age the average both 
wood and summerwood radial 
ages. Furthermore, because 
wood conifers dense lel 
bands alternating with 
would force the springwood 
with the tangential direction. 
Kollmann’s summary (16) 
topic, and presumably used Pen- 
toney (24), cites the 
tion (19). The paper re- 
ferred was another 
1932 (20). Although this paper 
berg, discussing this subject cites 
the latter article. 


questionable whether the inter- 
action swelling and shrinking 
springwood versus summerwood 
should labeled the theory 
either directly implication. The 
main ideas had been given previously 
others and are worthy review 
for developing understanding 
shrinkage. 


Wagner (35) 1917 spoke the 
effect thick-walled cells 
walled cells and recognized that sum- 
merwood and springwood nearly 
ways differ this respect; this causes 
strains and tendencies warp when 
the wood dries because 
shrinks more than springwood. 
states that the greater shrinkage 
gentially than radially due, 
the smaller shrinkage radially 
the wood rays compared the 
bers and also, part, 
that the greatly shrinking bands 
summerwood are interrupted along 
radius many bands porous 
springwood while they are 
the tangential direction. 
direction, therefore, each such 
tends shrink the entire 
were composed summerwood 
since the summerwood represents ‘he 
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part the wood substance 
this greater tendency 
shrinkage 


Forsaith (7) 1926 expressed the 
ideas and also noted that the 
gravity wood increases, 
the tangential and radial 
becomes less. Clarke (5), 
reiterated the basic idea 
the -ffect high-density and low- 
bands, and also showed, 
tions that most vessel lumens de- 
tangential diameter and in- 
slightly radial diameter. 
This was the case even when vessel 
walls were thick. Similar results were 
obtained for the wood parenchyma 
cells. 


Beiser (4), 1933, confirmed 
Clarke’s observations with swelling 
studies. Tracheids and vessels ex- 
panded the tangential direction and 
this widening the cells was large 
that the pore volume summerwood 
increased slightly even though there 
wood cells. small decrease occurred 
the radial width lumens sum- 
merwood cells spruce. Clarke stated 
that the radial distention vessels 
and wood parenchyma produces the 
effect that the radial shrinkage 
neighboring fiber groups was consid- 
erably reduced and the wood 
whole shrunk much less than the fibers 
the radial direction. 


Almost simultaneously with 
report, Haslam and Werthan (12), 
who were interested the effect 
shrinkage the performance paint 
films, reported swelling studies 
southern pine boards and blocks. They 
found that the expansion the sum- 
merwood often greater than the 
overall expansion the wood. Bands 
intact springwood and summer- 
wood were measured several places 
the face the specimen. Start- 
ing with dry wood, the average radial 
swelling the summerwood the 
wet condition was 9.4 per cent whereas 
the springwood decreased 
width 4.1 per cent. the tan- 
gential face the blocks the tangen- 
tial swelling the summerwood por- 
tions averaged 12.2 per cent and the 
portions again showed 

ecrease, this case per cent. They 

concluded that the summerwood ex- 
pands much that the forces exerted 
are greater than those the swelling 
with the result that the 
often compressed. This 
Must set uneven stresses and strains 
the wood. 


These concepts are essentially those 
publ: ation (20). Haslam and Wer- 
than note that sharp line paint 


failure transition summerwood 
springwood accompanied flak- 
ing the paint over the summer- 
wood. the greatest stresses 
and strains are set this 
the resultant the forces expan- 
sion and compression most effective 
the union summerwood and 

not intended imply that the 
shrinkage due only the presence 
bands springwood and summer- 
wood. controversy still exists 
the extent the effect wood rays 
radial shrinkage swelling. 
There are some (3,5,10,18,35, and 
this author), who not agree with 
Ritter and Mitchell (28) that 
cells may omitted from among 
the various factors that cause less 
radial than tangential shrinkage 
wood.” 


Other factors that determine shrink- 
age values have been mentioned earlier 
this and other reviews. addi- 
tion, the author believes may 
true that the effect the radial 
walls more than just change the 
average angle orientation (1) away 
from the vertical axis and thereby re- 
duce the shrinkage the radial wall 
compared the tangential. 


The void space the radial wall 
due pit cavities, which considera- 
ble springwood, may have signifi- 
cant augmentative effect the fibril 
deviation caused the pits resulting 
smaller inherent shrinkage radially 
than tangentially (and 
some extent summerwood, de- 
the species). The borders, 

ecause the circular orientation 
within them, their degree detach- 
ment and projection from the com- 
bined walls contiguous cells, and 
their thinness, should relatively 
small factor imposing radial tension 
during shrinkage compared solid 
cell walls. appears logical assume 
that they can dish out flatten they 
swell shrink without much restraint 
from the adjacent cell wall. 


Materials and Methods 


The samples Douglas-fir were 
taken from the extra supply test 
sticks prepared Hughes and Allen 
(13) for their study strength 
erties second-growth Douglas-fir. 
The 2-inch square sticks had not been 
dried point. 
They were stored green condition 
large galvanized container. 
dium pentachlorophenate with alkali 
was added check mold and slime 
growth. 


Five Douglas-fir trees were sampled; 
two from stands with closed crown 
canopies, two from open stands, and 


PRODUCTS JOURNAL 


Table 2.—DATA TREES 


Crown 

Number Yrs. in. Class 
18.0 131 


*O =open, C =closed, M = intermediate. 


one from stand medium degree 
stocking. The ages the trees were 
from years. Detailed field 


data for the test trees are given 
Table 


The western red cedar samples were 
obtained from trim ends from cedar 
lumber mill whose logs came from 
Vancouver Island, Five samples, 
believed from different trees, 
were selected represent the usual 
variations cedar. These samples had 
not been dried below 
saturation point. Judging 
amount ring curvature 
boards, the samples were well distant 
from the center the logs, 


Cross sections about 3.5 mm. 
thick along the grain (fiber direction) 
were sawed from each test stick 
sufficient distance from the end 
avoid the exposed end surfaces and 
also knots. From these, one several 
thin increments were sawed within 
the annual rings. The number sec- 
tions depended upon the thickness 
the ring, the success the technique, 
and the factor luck with respect 
breakage. 


For sawing these thin sections, 
small jig saw the vibrating type 
with one-fourth inch stroke and 
blade 0.01 inch thick was used. Some 
blades required side dressing with 
fine they would cut prop- 
erly. This method sawing out thin 
portions the ring imposed little 
strain the fibers beyond the actual 
line the kerf sharp saw blade 
was used. The delicate sections cut 
from springwood zone showed 
indications tearing through 
bending stress. 


razor blade carefully applied 
the freshly cut surfaces removed loose 
fibers and cut away irregularities 
thickness. Where the natural curva- 
ture the ring was irregular 
curved base beneath the section and 
exercise great care shaving down 
the tangential surfaces the desired 
thickness order avoid breaking 
the section. 


When preparing sections thin 
cutting out the last portion thick 
summerwood band, the saw blade was 
run close the outer side the an- 
nual ring remove most the 
springwood fibers the next ring. 
Springwood fibers which remained 
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Fig. 1.—Special carrier for holding thin 
sections wood order project their 
images. Glass rods provide shelf and fwo 
shorter pieces across each pair rods are 
support points for the section. 


after sawing were carefully scraped off 
with razor blade. 

few thin sections were cut 
drawing thin safety razor blade 
through the wood after first making 
thin cuttings expose the part 
the ring desired for test sections. 
this way the remaining wood was not 
stressed unduly splitting action. 
These results were generally satisfac- 
tory, but distortion the sections oc- 
curred especially the summerwood. 
Also, was difficult hold course 
that followed the curvature the 
ring. The sawing method more 
reliable. 

The position each section the 
ring was measured before sawing. The 
thickness each section was measured 
with micrometer. The sections were 
trimmed approximately 3.5 
mm. wide along the grain, mm. 
the tangential direction, and 0.5 mm. 
less the radial direction. few 
sections were produced that were only 
0.15 mm. thick measure the narrow 
summerwood some western red 
cedar rings. 

reduce the difficulty deter- 
mining the actual end the projected 
image the section, each end was 
cut off the bias across the width 
the piece, leaving corner the 
longer edge approximately 60°. 
The long edge was placed against the 
glass plate the section holder. 
the section twisted during drying, 
some did, the long edge was focus, 
produced the longest image, and was 
the correct one measure (Figure 
la). 

techniques were employed 
improve the ease and preciseness 
shrinkage measurement. The angular 
end was made into beveled edge 
careful cutting with razor 

lade (Figure 1b). This gave the 
screen image appearance which 
made easy reference point for 
measurement. Darkening these points 
the wet section rubbing gently 
with indelible pencil improved the 
opacity needed block light trans- 
mission through the ends while the 
section still water saturated. cut- 
ting back slightly the long edge 
with razor blade make slightly 
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concave (Figure the ends contact 
the glass and give the best possible 
focus well providing small air 
space give more uniform circulation 
around the section. 


The test sections were placed 
inch lantern-slide projector with 500 
watt bulb. The holder and three sec- 
tions position are shown Figure 
glass plate fits into the recessed 
margin and held each corner 
thumb tacks other suitable fasten- 
ing. The shelf supports for the sec- 
tions are fine glass rods made draw- 
ing heated glass rod. Each open shelf 
consists two rods about 1.5 mm. 
apart with their ends glued into 
grooves sawed into the sides the 
frame. Two short pieces fine glass 
rod were glued across each pair 
rods form 2-point support for the 
sections. The wet sections were then 
placed these cross-rods and moved 
forward until they contacted the glass 
plate. 

was undesirable have excess 
water the specimens because 
menisci could form the vertical 
glass plate thereby blurring the image 
the screen. The section holder was 
placed the projector with the glass 
face toward the light source and was 
held firmly hooking four spiral 
springs, each long and 
diameter, the steel pins 
the sides the holder and back 
the ventilator holes. The apparatus 
could prefocused and used without 
change repeatedly unless was moved. 
mark line the holder proved 
useful positioning the holder 
the same place each time was in- 
serted the projector. 

board—a low density fiber board— 
was used screen sufficient 
distance give magnification ap- 
sections did not show water droplets, 
measurements were taken immediately 
using steel tape. heavy 
pin attached one end the tape 
was pressed into the board one end 
the image and permitted follow- 
ing the curvature the section, any, 
the other end some more 
inches away. The measurements must 
made with minimum delay 
once the sections are the holder 
and especially after the light on. 

After the light was for only 
three five minutes, shrinkage was 
sometimes visible the screen, the 
ends actually moving visible speed 
and often accompanied some 
change curvature, depending 
the character section. The amount 
curvature the sections was noted 
initially and after drying and whether 
was convex concave the pith 
side. 
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Tam gential Surface 
Top View Section 


Fig. specimen. increment 
annual ring. Lower edge slightly 
cave and placed against the glass plate 
the section holder. Ends are cut the 
bias and also beveled. 


Tangential Surface 


Fig. specimen viewed ‘rom 
angle 45° showing pointed ends ‘rom 
bevel cuts from both surfaces. The 
the section shown exaggerated. 


thermometer was inserted through 
hole drilled the side the der 
and showed temperature 100 
more after minutes one 
The maximum readings generally 
from all tests, the 
light was left for least 
make sure the sections were ch- 
ing oven-dry conditions, 
tions were weighed after the 
period then placed electric 
105° for hours. The 
weighings indicated that 
dry condition was obtained 
projector. 


Experimental Results 
Douglas-Fir Shrinkage 

Figure shows the change 
gential shrinkage within given 
determined from measurements 
excised thin layers across each ring. 
The curve for ring No. for example, 
tions cut serial order from that ring. 
The horizontal lines the curve show 
the radial thickness each test speci- 
men and its position the ring using 
the abscissa measuring guide. The 
line connecting the thickness bars is- 
almost true curve because the 
number determinations. 

every ring the tangential shrink- 
age was minimum the first-formed 
portion the springwood. The 
age shrinkage this portion the 
ring was less than 4.0 per cent and 
the variation shrinkage between the 
rings did not exceed 0.5 per cent. The 
shrinkage became greater toward the 
summerwood. The beginning 
visual judgment was not the 
point initial rapid rise 
the curves, but farther out the 
where the shrinkage values are 
6.5 8.5 per cent, depending the 
ring. unexpected finding 
each the curves was that 
showed maximum shrinkage 
which occurred inside the last 
the summerwood. The 
the last fraction millimete: 
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Tangential Shrinkage in Percent 


Distance mm. From Pith Side Ring 

2.—Tangential shrinkage detached serial sections within 

the annual rings for tree No. from open stand. Ring No. 


the outer ring the 2-inch disc. The other rings are 
sequence toward the pith. The sample was taken approximately 


Tangential Shrinkage Percent 


inches from the pith. Specific gravity based oven-dry weight 
and oven-dry volume. Shrinkage expressed percentage and 


based green dimension. 


summerwood was appreciably less than 
that the middle zone. 

Figure the rings are little 
narrower, although this tree also was 
from open forest stand. The 
shrinkage values near the beginning 
the springwood averaged 3.4 per 
cent one-half percentage unit less 
than the tree Figure 
steady increase shrinkage rate oc- 
curred from the early portions the 
springwood. two rings the maxi- 
mum shrinkage rate was reached near 
the middle the summerwood and 
the other two, near the last few 
cells. Only one ring showed 
decrease shrinkage toward the 
end the ring. There was apparent 
ring sequence this re- 
gard. each ring, the section con- 
taining the outer summerwood curved 
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DOUGLAS 


wo 


Tangential Shrinkage in Percent 


Distance mm. From Pith Side Ring 


Fig shrinkage detached 
within the annual rings for 
The sample stick (sapwood this 
was approximately inches from the 
Average minimum shrinkage was 4.0%; 
maximum, 9.2%. 


toward the pith indicating less shrink- 
age the outer fibers the summer- 
wood even though the average for the 
section did not show decrease 
compared the middle summerwood. 

According visual estimates the 
green wood the average summerwood 
transition for the four rings would 
about 2.5 mm. from the end the 
ring, i.e., little more than half way 
each curve. The wood, when dry 
and sanded smooth, showed same 
even less quantity summerwood, 
judging color basis, than the 
wood used Figure The average 
maximum shrinkage the summer- 
wood was less than that shown 
Figure about 2.3 percentage units 
shrinkage. will noted that the 
specific gravity was the same for the 
samples both trees. 


The five rings shown Figure 
are narrower than the rings trees 
Figures and The average 
shrinkage 4.0 per cent the early 
springwood coincides with the values 
from Figure The same gradual in- 
crease shrinkage rate across the 
springwood evident. Similar the 
two trees already discussed, the begin- 
ning summerwood visually deter- 
mined was near the middle the 
curve each ring. 


The data for tree No. were not 
detailed nor complete the 
preceding graphs because the ultimate 
technique used was still being evolved 
the tests the first tree used 
lowing trial runs. There was too much 
untested wood between test sections. 
graph not presented but the 
trends are similar Figures and 


Figure only two measurements 
per ring are shown (with one excep- 
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DOUGLAS FIR 
0.473 


Tangential Shrinkage Percent 


Distance mm. From Pith Side Ring 


Fig. 3.—Tangential shrinkage detached serial sections within 
the annual rings for tree No. from open stand. The sample 
stick was taken approximately inches from the pith. 


tion), one the springwood and one 
the summerwood. The rings this 
tree were not wide enough obtain 
two more each part 
the ring the methods used. The 
average for the springwood portion 
was 5.3 per cent and for the summer- 


11.0 
10.0 


8.0 
7.0 
5.0 


4.0 


3.0 


Distance mm. From 
Pith Side Ring 


Fig. 5.—Tangential shrinkage detached 
serial section within the annual rings for 
tree No. from stand with closed crown 
canopy. Nine rings were tested from stick 
inches from the pith. 
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wood 9.9 per cent. The springwood 
value greater than that for the other 
trees but normal variation such 
found for the wider-ring trees would 
evened out thin springwood 
band, thereby giving one thin sec- 
tion value obtained averaging 
two more sections wider spring- 
wood zone. This indicated some 
extent the lines for the wider rings 
the group which have the lowest 
springwood shrinkage when measured 
within the first millimeter wood. 
second reason may have been that 
although the average percent sum- 
merwood was greater than that 
tree No. (Figure 3), for example, 
greater density and shrinkage could 
have existed the springwood tissue 
well the summerwood tissue. 
The true shrinkage-rate curve probably 
would more S-shaped with steeper 
slopes the central portions the 
connecting lines. 


Western Red Cedar Shrinkage 


The samples western red cedar 
that were tested included moderately 
fine grain (narrow rings) coarse 
position the shrinkage values above 
per cent. They represent measure- 
ments the summerwood rings 
from five sawtimber trees. The three 
lowest shrinkage values for spring- 
wood were from two board samples 
having the lowest specific gravity. 
However, some rings from these same 
blocks had shrinkage values near the 
average, there was conclusive 
evidence that lighter-weight wood had 
consistently low shrinkage the 
springwood. 

The summerwood values were 
variable that specific gravity the 
wood block form did not seem 
alone. The two exceptionally wide 
rings had less than per cent sum- 
merwood which seemed low 
density and hardness and gave very 
low shrinkage values. may that 
further sampling cedar would indi- 
cate more definitely that rings over 
two mm. wide are likely have less 
shrinkage the summerwood. 

The average shrinkage the spring- 
wood the specimens tested was 3.9 
per cent and the average the sum- 
merwood was 7.4 per cent. This indi- 
cates that the low shrinkage western 
red cedar result, first, the usual 
low percentage summerwood the 
ring which would give 
average shrinkage more nearly like 
that the springwood and, second, 
the relatively low shrinkage both 
springwood and summerwood portions 
the ring. 

nearly all summerwood sections 
tested, there was definite change 
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40 
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Fig. 6.—Tangential shrinkage detached 
serial sections within the annual rings for 
the samples western red cedar. The spe- 
cific gravities the five trees represented 
were from 0.286 0.417. The connected 
points represent rings from which three 
were sawn. One and two 
determinations per ring are left single 
points avoid confusion and too many 
lines. 


the curvature the ring during dry- 
ing. Some sections curled much 
that complete circle was formed with 
the outer summerwood fibers the 
convex side. This indicates, the 
case Douglas-fir, that the greatest 
shrinkage takes place zone inside 
the outer fibers the summerwood. 
The variation the amount curling 
can explained two ways. When 
little curling occurred the sum- 
merwood shrinkage was low; hence, 
less differential stress could devel- 
oped. Secondly, only part the 
transition zone included the test 
section, may have been with very 
thin summerwood bands, there would 
exist two zones relatively lower 
shrinkage either side the central 
zone which has the higher shrinkage. 
This borne out examination 
the detailed data the rings and the 
sections cut from them. 

make certain that the curling 
the summerwood sections was not 
caused the type drying they re- 
ceived the slide projector, four 
summerwood sections were slowly air 
dried prior final drying the 
projector. The green sections were 
measured using the projector, then 
immediately removed, rewetted and 
suspended small beaker which 
high initial relative humidity was 
present. the sections slowly dried 
they curved more and more the 
same direction was usual the 
projector. 

The accuracy the method de- 
scribed for measuring shrinkage de- 
pends, part, upon the degree 
warping changes shape that the 
excised layer undergoes the 
drying. If, with most springwood 
sections, there very little curling and 
twisting, then the measurements are 
along shadow line that 


straight and the details the end 
remain clear and the same 
This fact facilitates measuring from 
the same points before and after 
ing. reasonably accurate dry-wood 
measurement can made one notes 
the exact position the ends the 
projected image and uses line 
measurement that follows the 
proper distance within the margins 
the silhouette. The most difficult cases 
are those which the section curls 
strongly and also twists. im- 
portant that the ends the section 
and the base the loop co: tact 
with the glass face the 
insure the focus. 

ments are believed accurat: 
the nearest 0.1 per cent 
The shrinkage values for some 
summerwood sections with exce sive 
warpage are probably less accurate. but 
even approximate values are 
major trends and differences. 


Adjustment 
and Summerwoo 


The photographs thin cross sec- 
tions the Douglas-fir sticks illus: rate 
the difference shrinkage within the 
rings and the interaction 
resulting from the differences 
shrinkage. These cross cuts were 
three mm. thick and were cut from 
the green wood. smooth, straight 
edge nearly parallel the wood rays 
was made clamping the piece, with 
backing block, the microtome and 
slicing the edge with the knife 
acute angle was always cutting 
over one more rings any time 
except the ends. 

These sections were dried slowly 
air-dry condition. They were sanded 
smooth the cross-section, dried 
60°C, and photographed. the sec- 
tions had been oven dried and kept 
that condition while being 
graphed, the marginal undulation un- 
doubtedly would have been more ac- 
centuated than shown the illustra- 
tions. 

Figure shows the section the 
stick from tree No. used for the 
row dark zone above the section the 

hotograph, the change con our 
ecomes more evident for visual 
ination. The shape the 
the section coincides with the 
varying shrinkage for the last 
thirds each ring. the first 
the ring the early 
pulled down much the ent 
summerwood that high 15, 
effect, forced upon the 
the annual ring. This causes sile 
stress across the width the 
wood which greatest the 
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the section; this, turn, resists the 
compressive force and the marginal 
shown the photograph are 
resulting adjustment. 


arching the springwood 
dual and its peak near the mid- 
the springwood even though 
springwood decreases 
toward the inner boundary. 
margin curves somewhat 
however, near the first-formed 
portion the ring. The tissue there 
greater linear movement than 
‘he transition zone near the sum- 
the same ring. The curv- 
ing the wood rays near the edge 
illustrate the effects shrinkage. 


Figure the margin curves even 
more sharply toward the summerwood 
cach previous ring. That the spring- 
wood portions are compressed 
across the ring even though they show 
hump the first third each ring 
width shown the springwood 
the right side the photograph from 
which the summerwood that ring 
had been removed before drying. The 
greater height that zone compared 
with the maximum height the adja- 
cent ring indicates had dimension 
more nearly like that expected nor- 
mal springwood shrinkage when not 
subjected compressive force two 
bands summerwood. 


Figure portion the section 
from tree No. enlarged approxi- 
mately diameters. The low point 
summerwood band evident. Judg- 
ing the straightness the wood 
rays the original sample, distortion 
the wood was present tangen- 
tial depth 


Figure shows the variability that 
sometimes found some tree sam- 
ples. The interesting facts this are 
the variable depths depressions 
the summerwood, the shape the 
margins the summerwood zones, 
and the different slopes the spring- 
wood surfaces from ring ring. The 
greatest contrast these factors 
found between the rings the left 
side and those the center and right 
side. Variability the summerwood 
the several rings probably the 
most important reason. 


Figure tree No. and illus- 
trates wood from closed crown canopy. 
shows two narrow rings the right 
side with narrow summerwood. The 
two rings and they have shrunk less 
than the adjacent rings. 


Discussion 


considering the adjustment that 
must take place between the bands 
springwood and summerwood, there 
the question whether the ratio 
summerwood springwood shrinkage 
significant the actual differ- 


ence shrinkage per cent between 
the two bands. For example ratio 
wood shrinkage may represent differ- 
ence only percentage units 
shrinkage for low-shrinkage wood 
but could represent percentage units 
for high-shrinkage wood. 


tle more than one-half that the 
the left. The two dark lines 
springwood rings the left 


traumatic resin canals, not 
rings. 


Figs. cross sections 2-in. sticks Douglas-fir which had 
been sliced straight, smooth edge one radial surface while green. Top surface 
each section shows the contour caused different shrinkage rates across the ring and 
interaction springwood and summerwood shrinkage upon drying 60° (Magnification 
except Fig. which 14X.) 
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Several the more extreme cases 
reported this paper show that the 
difference shrinkage per cent be- 
tween outer summerwood and early 
springwood the next ring was 
Douglas-fir. Considering the width 
most summerwood bands that act 
this differential shrinkage, easy 
the adjustment which 
manifested tangential compres- 
sion the springwood and slightly 
restrained shrinkage the summer- 
wood. 

The slightly concave surface the 
summerwood the edge dried 
block may well due, part, the 
restraint shrinkage the summer- 
wood the bands 
well due lesser inherent shrink- 
age the inner and outer zones 
the summerwood, bearing mind the 
fact that the summerwood has higher 
modulus elasticity and would, ac- 
cordingly, manifest less strain per unit 
tensile stress than would the spring- 
wood per unit compressive stress. 
The ratio the specific gravities 
probably has important influence— 
through related strength properties— 
the degree compression and 
stretching the two bands. 
should follow, general way, the 
ratio the shrinkage. 

connection with the effect 
gravity, calculations using the 

ata Vintila (34) show that the 

ratio the specific gravities (green- 
volume basis) summerwood 
springwood Douglas-fir greater 
than the ratio for tangential shrink- 
ages: 2.60 against 1.91 Pen- 
toney’s data (24) gives similar re- 
lationship but different numerical val- 
ues: 1.94 for specific gravity and 
1.50 for tangential shrinkage. 
Data other coniferous 
studied Vintila gave specific gravity 
ratios summerwood springwood 
which were greater than the 
sponding ratios for volumetric shrink- 
age—from per cent greater for 
Douglas-fir per cent for Scotch 
pine; the average for four conifers 
was almost per cent. 

The observation that the ratios for 
volumetric shrinkage differ from the 
ratios for specific gravity places doubt 
the validity using the former 
interchangeable with the latter—which 
was based Stamm’s work (30, 31) 
—to obtain ratio the elastic 
wood for calculation radial and tan- 
gential shrinkage and the ratio 
one the other (24). Vintila found 
that the volumetric tangential 
shrinkage summerwood are, ac- 
tual figures, much greater than those 
springwood, but they are smaller 
shrinkage per unit weight. 
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Tab!e 3.—PER CENT SHRINKAGE AND SPECIFIC GRAVITY 
DOUGLAS-FIR SPRINGWOOD AND SUMMERWOOD 


Shrinkage per cent 


Tangen- 
Kind Wood tial 
Detached springwood 
5.68 
4.81 
4.3 
Attached springwood 
7.06 
Detached summerwood 
9.3 
summerwood 
Entire block 
7.52 


I—Data from E. Vintila (34); II—R. 


Sp. gr., 
Longitu- green vol. 
Radial dinal metric —o.d. wt. 
2.89 0.26 8.77 0.258 
2.39 oa (7.3) 0.35 
7.27 0.256 
0.23 
2.75 
1.36 (8.6) 
9.85 0.16 19.97 0.670 
8.90 (15.6) 0.69 
14.99 0.538 
0.13 
9.1 
7.76 (14.9) 
5.2 (18.1) 
4.35 (11.7) 


Pentoney (24); Erickson; 


IV—A. J. Stamm (30); V—A. Koehler (15). 


connection with the ratio sum- 
merwood springwood specific. grav- 
ity (green-volume basis) calculations 
were made from data (23) for four 
species southern pine and they show 
ratios 2.0 and 2.1 for all rings 
loblolly and slash pine (ages 6-11 
years and less than four rings per 
inch) and ratios 2.5 and 2.3 
for longleaf and shortleaf pine (age 
years and six seven rings per 
inch). 

Kloot (14) recently published 
the micro-tensile strength, parallel 
grain, tangential microtome-cut sec- 
tions several hardwoods and soft- 
woods. His graphs show that, addi- 
tion the large expected variation 
between springwood and summerwood, 
there was significantly lower tensile 
strength the first and last portions 
the summerwood than the mid- 
dle summerwood Douglas-fir and 
radiata pine. This result agrees well 
with the shrinkage differences sum- 
merwood that are reported this pa- 


100 
100 


per. provides evidence different 


kind that real differences exist the 
last portion the summerwood. 
Perhaps there sufficient difference 
cell shape, orientation the cell 
walls, and chemical 
give lower shrinkage the outer 
summerwood. .seems unlikely that 
would due entirely lower 
specific gravity the outer summer- 
wood, judging from the compact ap- 
pearance the cells structure under 
the microscope. However, data 
radiata pine does show some ten- 
dency for decrease specific gravity 
the last portion the summerwood. 
However, general the point max- 
imum tensile strength was inward (to- 
ward the middle the summerwood 


from the point maximum 
gravity. Kloot did not measure 
specific gravity the Douglas-fir 
sections. 

There the question the 
the long-time storage under 
the specimens were cut and also ‘he 
effect the intimate contact ‘he 
thin sections with water (for 
hours two days) after they were cut 
and prior testing. Judging from the 
variations reported Greenhill 
specific correction seems 

summary the known 
data springwood and summerwood 
both attached and detached condi- 
tion, Douglas fir shown 
Table 

The values brackets the col- 
umn for volumetric shrinkage are not 
experimental data but, because the 
absence such data, theoretical values 
have been calculated the writer us- 
ing formula (33) which varia- 
tion that given Greenhill (9). 


100 


percent shrinkage and and repre- 
sent the three directions the wood. 
For longitudinal shrinkage value 
0.25% was used for springwood and 
0.15% for summerwood. These ire 
averages the percentages reporied 
for the shrinkage that direction 
shorter form this 
which more convenient use 
only slightly less accurate 


However, the first and more accur :te 
equation was used the 
values reported the table. 

equation will always give 
same values with every species 
ple those obtained 


100 


q 


because wood behavior not that 
constant. However, for some purposes 
the calculated values are useful. Also, 
happens that using data, 
the calculated values are almost the 
his experimental values for 
shrinkage. 

The data Pentoney and this au- 
thor excludes the area near the transi- 
tion zone springwood summer- 
wood. The data Pentoney represents 
sainples from only one ring. Vintila 
190 samples springwood and 
and blocks with 
separation these bands, all from 
one tree. Stamm’s data represents only 
one specimen each for springwood 
and summerwood. Koehler used 
samples summerwood and six sam- 
ples springwood, whether from 
more than one tree was not stated. 
The author’s data represents numerous 
serial sections within rings from 
five sticks, one from each five trees. 
wood was 
used all investigators except possi- 
bly Koehler. 

Concerning the tangential shrinkage 
values reported the author, the 
average minimum and the average 
maximum tangential shrinkage values 
the rings tested are computed, the 
figures will differ fraction 
percent from those reported him 
Table This can judged from 
the curves the graphs given earlier. 

The interaction between the tangen- 
tial shrinkage springwood and sum- 
merwood Douglas fir also illus- 
trated Vintila’s data. found that 
the actual tangential shrinkage the 
block was between that springwood 
only and summerwood only, but was 
greater than the average the two. 
Using his data, the calculated average 
based per cent summerwood 
was 7.78 per cent whereas the actual 
shrinkage was about 9.0 per cent. 

The same genefal result was ob- 
Scotch pine except that 
the difference between the actual and 
calculated average shrinkage was 
slightly less because the relatively 
higher shrinkage the pine spring- 
wood. later study longleaf 
pine, Ritter and Mitchell (28) found 
that the total average shrinkage the 
two bands was slightly greater the 
bulk wood than for the separated 
bands. Springwood when attached 
summerwood shrank per cent more 
tangentially than when detached, and 
summerwood attached condition 
shrank about per cent less than when 
detached and unrestrained. 


Summary 


literature relating shrinkage 

and summerwood was 
ewed with special attention given 
‘angential shrinkage Douglas-fir 
these two parts the ring. The 


data specific gravity Douglas- 
fir springwood and summerwood was 
briefly discussed. The relation tan- 
gential shrinkage radial shrinkage 
and summerwood was 
reviewed. 

attempt was made correct 
what appears erroneous credit 
certain investigators for work and 
ideas the reasons why tangential 
shrinkage the gross wood structure 
greater than radial shrinkage and, 
furthermore, why the ratio tangen- 
tial radial shrinkage springwood 
conifer considerably greater 
than that summerwood. 

The known data the specific 
springwood and summer- 
wood Douglas-fir has been com- 
piled. Allowing equal weight for the 
data each investigator, the average 
specific gravity, green-volume basis, for 
springwood was 0.28 and for summer- 
wood 0.67. The ratio the specific 
gravities was 2.4. 

For measuring the variation tan- 
gential shrinkage the magnified image 
thin tangential section was pro- 
jected onto large smooth surface and 
the length was measured while the sec- 
tion was wet and after the section had 
dried completely. 

The thickness most the test 
specimens was from 0.15 mm. 0.5 
mm. the radial dimension. The tan- 
gential shrinkage springwood often 
was not uniform when thin sections 
were used which were cut successive 
layers across the thickness the 
springwood band. The plotted data 
show that nearly all cases the least 
shrinkage the cell layers the 
first part the springwood. Appreci- 
able increase tangential shrinkage 
springwood occurs before the visible 
transition summerwood reached. 

The tangential shrinkage within the 
summerwood likewise not uniform. 
increases through the transition zone 
and some rings reaches maximum 
near the middle the summerwood 
and other rings near the outer 
boundary the summerwood. 
wood with rings narrow that only 
one section could cut either 
springwood summerwood, the main 
indication the lower shrinkage 
the outer fibers the summerwood 
was the direction which the speci- 
mens curled during drying. The same 
effect was obtained with western red 
cedar summerwood. 

The tangential shrinkage the first 
half the springwood was 4.3 per 
cent, measured thin sections, and 
for the summerwood the average maxi- 
was 9.3 per cent. 
Graphs are presented which show the 
detailed results for the samples from 
five trees second-growth Douglas-fir 
which came from two different sites 
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and three degrees closure crown 
canopy. 

The average tangential shrinkage 
the springwood western red cedar 
was 3.9 per cent; for summerwood 
was 7.4 per cent. The lower shrinkage 
the springwood and especially 
the summerwood compared 
Douglas-fir, for example, indicates that 
the over-all low shrinkage the cedar 
due not only the low percentage 
summerwood but also the lower 
shrinkage each part the ring. 

The data this study and the 
known data other workers the 
shrinkage Douglas-fir springwood 
and summerwood has been tabulated. 

Photographs the radial surface 
specially prepared cross sections 
2-inch stick show the nature the 
adjustment between springwood and 
summerwood during drying. mod- 
erately wide rings, the distortion the 
springwood indicated curvature 
the wood rays the cross section 
was evident deep tangentially 
from the edge the section. nar- 
row rings, the difference shrinkage 
between springwood and 
not evident because the shorter 
span between summerwood bands and 
hence less opportunity for exhibiting 
separate amounts shrinkage. The 
implications this phenomenon were 
discussed. 
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Tractive Effort Required Skid 


Hardwood 


DAVID HERRICK 


Forest Products Technologist, Carbondale Research Center, Central States Forest Experiment 


Station, Forest Service, Department Agriculture 


Study was made determine tractive force required move 
various-sized loads hardwood logs ground and sulky methods. 
Loads were skidded over level terrain, and down and per 
cent slopes. Data shows that tractive force required move load 
logs varies directly with degree slope and weight load, 
and materially affected skidding method employed. The size 
number logs had significant effect upon skidding resistances 


encountered. 


LOGGER COULD SELECT EQUIP- 

MENT and plan his operation more 
wisely more detailed information 
about the resistance logs skid- 
ding were available. 
ding study the Kaskaskia Experi- 
mental Forest southern was 
designed determine the 
force required skid various-sized 
loads oak logs and down range 
dry, smooth slopes ground and 
sulky methods. Part that study 
reported here. 


Milling, FPRS Ninth National Meeting, June 


21-24, 1955, Seattle, Wash. 


The Author: David Herrick, graduate 
Iowa State College, project leader 
tion section, Central States Station. was as- 
sociated with and Lumber Co., Osceola, 
Iowa, and State College before joining 
Forest Service. was Forest Products 
Laboratory from 1951 1953, when was 
transferred his present position. 
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Materials, Installations, and 
Equipment 


Test Logs: Straight, sound, freshly 
cut, 12-foot black oak velu- 
tina Lam.) logs were used make 
the loads skidded this study. They 
were divided into three groups based 
upon diameter. Group consisted 
logs scaled inches diameter- 
inside-bark (d.i.b.). Group included 
logs inches d.i.b., and Group III 
logs inches d.i.b. 

Each log used the study was 
weighed just before beginning the 
skidding tests and again after the tests 
were completed. facilitate compu- 
tation sulky-skidding results, the 
weight the butt ends was also deter- 
mined each weighing. This con- 
sisted measuring the 
quired lift the butt the log 


means choker placed inches 
back from the end. 

Test Skid Tracks: Straight, smooth, 
test skid tracks approximately 
wide feet long were prepared 
per cent, per cent, and 
per cent slopes. The surface soil all 
three tracks was silty, clay loam that 
remained dry and dusty throughout 
the course the tests. 

row wooden stakes 
approximately feet long were driven 
5-foot intervals along one edge 
each test track. These stakes 
the points which skidding resistance 
readings were taken loads 
were pulled and down the track. 

Skidding Equipment: 
power (drawbar) crawler-type 
with towing winch 
plied the power for all test runs. 
rubber-tired sulky was added for 
the runs. 

Skidding Resistance 
Equipment: Skidding resistance 
fitted with electrical strain gages 
and strain-gage control box 
2). The load cell used permitted 
cise measurement skidding resista 
maximum 5,000 pounds. 
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Table 1.—LOG LOADS SKIDDED DURING TESTS 


Number Load weight 
Log diameter logs Load 
(inches) in load volume Total Butts only* 

Board-feett Pounds Pounds 

140 831 

210 2,084 1,219 

280 2,696 1,599 

5 350 3,397 2,002 

6 420 4,167 2,464 

230 2,222 1,333 

3 345 3,320 2,010 

4 460 4,518 2,738 

575 5,676 

175 1,682 1,062 
2 345 3,496 2,207 

515 5,004 3,112 


*When lifted straight sulky-skidding position choker placed 


inches back from the butt end. 
tInternational rule. 


Test Procedures 


Fourteen different log loads (Ta- 
ble were skidded and down 
each the three test tracks both 
ground and sulky methods. All ground- 
skidded logs were pulled small end 
first; sulky-skidded logs were pulled 
butt 


All logs were pulled wire-rope 
chokers placed approximately inches 
back from the head end. The first run 
(round trip) given test track was 
made with one 12-inch log. For each 
succeeding run, one additional log 
the same diameter was added the 
load. This was continued until all 
12-inch logs had been added the 
load, until the skidding resistance 
developed exceeded 5,000 pounds. 

The same procedure was repeated 
for all three groups each 
the test tracks for both the ground- 
runs. All loads 
were moved uniform rate over 
each the tracks. Periodic reruns 
were made all slopes check uni- 
formity results. 

During the ground-skidding 
all log loads were winched and 
down the test tracks. The load cell 
was mounted the winch line and 
control box readings were taken the 
head end the loads passed each 
reading stake (Fig. 3). the tractor 
was always positioned that the line 
pull was applied parallel the surface 
the test track, these readings could 
converted directly pounds 
skidding resistance. 


During the sulky runs, the load cell 
was mounted that bore the 
weight the lifted portion the 
the stress developed the 
sliding resistance the dragged por- 
tion (Figs. and 5). The readings 


least one previous study has shown that 
small end first definitely 
Pan sulky-skidded logs, the 
hand, must skidded butt end first 
full advantage these means reducing 
H., and Zehntner, Reibungswider- 
beim Schleifen von Stammen auf horizon- 
Versuchsstrecken, (Skidding resistance 
flat experimental tracks). Mitt. schweiz. 
Versuchsw. 29(2), 1953 (315-34). 


taken from the control box were con- 
verted sliding resistance parallel 
the respective slopes. Rolling and 
grade resistance forces acting upon the 
sulky (due its own weight and 
that its load) were then added 
the sliding resistance obtain the 
total skidding resistance—or the total 
tractive force applied move the load. 


Analysis Data and Results 


Ground Skidding: were not 
for the gouging action the front 
end the logs, the resistance log 
loads ground skidding 
volve only sliding friction. Then 
would easy determine the co- 
efficient sliding friction involved 
means the standard formula: 


C.F. P/W CF. (W) 
When: 
C.F. Coefficient friction 
Pull pounds required 
skid the load 
Weight (pounds) the 
load skidded 


Once this factor was known, the trac- 
tive force required pull any size 
load the same type logs any 
slope the same general soil type 
could readily computed. 

But because this gouging action, 
true coefficient sliding friction 
cannot determined for ground- 


Fig. 1.—Strain-gage load cell: (1) spring 
steel frame, (2) location strain gages, 
and (3) power line leading 
gages control box. 


Fig. 2.—Strain-gage control box and 
hook-up: (1) power line from strain gage 
control box, (2) six-volt storage battery, 
and (3) control box. 


Fig. 4.—Load-cell mounted for sulky- 
skidding tests: (1) location strain gages, 
(2) winch line, and (3) power line from 
strain gages box. 


Fig. 3.—Ground skidding test: (1) load cell, (2) stakes, 


and (3) location strain-gage box. 
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Fig. 5.—Method used determine resistance sulky skidding: (1) strain-gage control 
box, (2) power line connecting control box and strain-gage load cell, (3) 
stakes, and (4) approximate location load cell. 


skidded logs. However, 
resistance was developed 
which can applied similar way: 
For uphill skidding: 
(Cos 


For downhill skidding: 
When: 
Skidding resistance coefficient 
Pull (pounds) required 
skid the load 
(pounds) the 
loa 
Slope (degrees) the skid- 
ding surface 


Such skidding resistance coefficients 
were determined for all ground-skid- 
ding runs. These data revealed that, 
within the limits this study, the 


Skidding resistance cooftient” 


by the gouging action of the loge. 
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Bquivalent to coefficient of friction except that it includes the resistance developed 


Fig. 6.—Influence slope upon skidding resistance coefficients ob- 
tained ground skidding oak logs over dry, smooth surfaces. 


tractive force required ground skid 
log loads given weight is: 


(1) affected the 
slope over which the load 
skidded. 

(2) Not significantly affected 
the number logs making 
the load. 

(3) Not significantly affected 
the diameter the logs mak- 
ing the load. 


Although log diameter was found 
have little influence the 
skidding resistance given weight 
logs, this should not construed 
mean that diameter would not affect 
the resistance developed given 
board-foot volume the same species. 
The weight per board-foot logs in- 
creases log diameter decreases (Ta- 
ble 2), the skidding resistance per 


used the statistical sense 
throughout this article and, unless otherwise 
qualified, refers the per cent probability 


level. 


Resistance to skidding (1000 lbs.) 


Fig. 8.—Influence slope upon tractive force required 
sulky skid oak logs. 


Down 15% slope 


—-+— Town 307 slope 


Resistance to cki¢eing (1000 


Load welett (1000 ltr.) 


Fig. 7.—Tractive force required move 


loads oak logs and down dry, 
slopes ground skidding. 


thousand board-feet would 
for small logs than for larger ones 
Skidding resistance coefficients 
found decrease with slope 
downhill skidding and increase with 
slope for uphill skidding (Fig. 
substituting the applicable 
cient from Fig. into equation 
(page 6), the pull required ground 
skid given weight logs 
down slopes ranging level 
per cent can estimated. 
instance, estimate the tractive effort 
required ground skid 5,000-pound 
load oak logs per cent 
slope: 
0.928 (5000) 0.98893 5000 
(0.14838) 
4589 
5,331 pounds 


742 


This technique was used 


mine the tractive effort required 
move various-sized loads logs 
the level, and and down and 
per cent slopes (Fig. 7). For example, 
ground skid 5,000-pound 


equation for this regression 
0.001839X 0.9008. This correlation was found 
significant the per cent level. 


Slope percent 
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Toble 2.—WEIGHT PER BOARD-FOOT 
12-FOOT BLACK OAK LOGS 


TOP LOGS 
Weight per board-foot 
Diameter Int. 4%” Doyle 
(inside bark) rule rule 
BUTT LOGS 
18.2 
11.2 14.2 
10.5 12.1 


the level approxi- 
4,500 pounds tractive effort. 
move this same load down per 
cent slope would require only little 
more than 2,600 pounds, reduction 
per cent slope would require more 
than 6,000 pounds pull, in- 
crease approximately per cent 
over the level haul, and 130 per cent 
over the downhill haul. 

Skidding: Sulky skidding 
gave similar results: Slope difference 
significantly affected resistance skid- 
ding but log diameter and number 
logs load did not. Three regres- 
sion equations were computed ex- 
press the influence slope upon re- 
sistance sulky skidding (Fig. 8).° 
ground skidding this effect was 
sulky-skidded load was found 
quire approximately 1,350, 3,350, and 
5,350 pounds tractive effort re- 
spectively, for movement down 
per cent slope, over level area, and 
per cent slope. 

These regression equations also 
made possible determine the in- 
fluence slopes other than those in- 
volved the study. For this report 
they were used determine the skid- 
ding resistance loads ranging from 
zero 6,000 pounds weight 
level hauls, and and down and 
per cent 9). 


Discussion 


Effect Slope upon Resistance 
Ground and Sulky Skidding: 
apparent from Figs. and that 
changes slope affect ground and 
sulky skidding differently. permit 
closer study these differences, the 
expressed these two 
charts have been paired slopes 
form Figs. 10, 11, 12, 13, and 14. 
level hauls, sulky skidding requires 
effort than ground skid- 
ding for all loads exceeding 500 
pounds. This advantage increases with 
(Fig. 10). 5,000 
pounds, resistance ground skidding 
about 4,500 pounds, while for 
sulky skidding only 3,350 pounds. 

Equations for these regressions are: 

For 5,000-pound loads, 67.173 3351.35 


three instances correlation was found 
ignificant the per cent level. 


— Up 30£ slope 
Up 15% slope 
———_ Level haul 


4 ++ Down 15% slope 
— Down slope 


Resistance to skiddirg (100 Its.) 


Load weight (1000 lbs.) 


Fig. 9.—Tractive force required move 
loads oak logs and down dry, smooth 
slopes sulky skidding. 


Groune skicding 


Resistance to skidding (1000 Its.) 


1 2 


3 4 
Load weieht (1000 Ibs.) 


Fig. force required move 
loads oak logs dry, smooth, per 
cent slope ground and sulky skidding. 


the uphill slope increases, the 
advantage the sulky over ground 
skidding narrows. When logging 
per cent slope, all loads more 
than 1,800 pounds require less tractive 
effort sulky skidded. Moreover, the 
advantage the sulky increases with 
load (Fig. 11). 

contrast, when skidding log loads 
weighing less than 3,000 pounds 
per cent slope, ground skidding 
requires less tractive effort than sulky 
skidding (Fig. 12), but for heavier 
loads the sulky will require less. Re- 
sistance exhibited 5,000-pound 
load when ground skidded per 
cent slope 6,000 pounds; sulky 
skidded the resistance would 5,350. 
Heavier loads would increase the sulky 
advantage. 

slope per cent increases down- 
hill skidding, the relative efficiency 
sulky skidding increases. While ground 
skidding 5,000-pound load down 
per cent slope requires about 3,550 
pounds, sulky skidding requires less 
than 2,350 pounds, reduction 
per cent (Fig. 13). Sulky skidding 
requires less tractive effort for all loads 
this slope, but uphill skid- 
ding, the greatest advantage results 
when skidding large loads. 
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— Sulky skicding 


Resistance to skicding (1000 bs.) 


2 3 4 
Load weipht (1000 lbs.) 


Fig. force required move 
loads oak logs over dry, smooth, leve! 
surface ground and sulky skidding. 


Resistance to skicding (1000 lbs.) 


1 3 4 
Load weight (1000 ibe.) 


Fig. 12.—Tractive force required move 
loads oak logs dry, smooth, per 
cent slope ground and sulky skidding. 


Cround skidding 


w 


hesistance to ekicding (104 Ite.) 


Load weiptt (1000 lte.) 


Fig. force required move 
loads oak logs down dry, smooth, per 
cent slope ground and sulky skidding. 


Legend 


—— Cround skicding 


—- — sulky skicding 


Resistance to skidding (1000 1bs.) 


Load weight (1600 Tbe.) 


Fig. 14.—Tractive force required move 


loads logs down dry, smooth, per 
cent slope ground and sulky skidding. 
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When skidding down per cent 
slope, the sulky again has definite 
advantage over ground skidding for all 
load weights (Fig. 14). 
skidded load less than 1,750 pounds 
requires tractive effort this slope, 
while ground-skidded load the 
same weight requires nearly 1,000 
pounds. all other slopes, the 
advantage the sulky over ground 
skidding increased with load this 
slope. 

Effect Slope upon Log-Load 
Capacity Tractors: While the 
skidding resistance log loads in- 
creases with slope, the drawbar pull 
any mobile power source decreases. 
Conversely, slope increases for 
downhill hauls, skidding resistance de- 
creases and the drawbar pull the 
mover increases. Consequently, 
the most efficient log load for tractor 
doubly affected terrain. Unless 
the logger estimates this composite 
effect accurately, his equipment will 
either hang frequently from over- 
loading (as more often happens) 
will operating only fraction 
capacity. 

For maximum production, most log- 
gers and logging equipment manufac- 
turers advocate operating track-type 
tractors second gear during the haul 
run. matching the rated, second- 
gear drawbar pull (corrected for 
slope) 38-horsepower (drawbar) 
tractor with the skidding resistance 
log loads (Figs. and 9), pos- 
sible estimate the capacity 
this tractor various slopes (Fig. 15). 

apparent from Fig. that 
about 5,700 pounds oak logs con- 
stitutes capacity load for such trac- 
tor when ground skidding second 
gear over level terrain. using 


Load weight (1000 


sulky, the maximum load similar 
terrain can increased about 7,800 
pounds. either method, capacity 
loads when skidding down per 
cent slope are about 21/, times greater 
than those that can handled the 
level. Conversely, uphill runs 
per cent slopes, maximum load 
weights decrease 2,300 and 2,000 
pounds for ground and sulky skidding, 
respectively. 


Limitations Application 


The information developed this 
study directly applicable only the 
skidding relatively small loads 
black oak logs over smooth, dry, silty- 
clay-loam surfaces. the skid runs 
had been made over wet ground, 
the loads had been allowed strike 
obstructions such stumps rocks, 
the results would probably have been 
much different. 

mation developed should 
sonably well any species having 
surface and density characteristics simi- 
lar those black oak. This would 
include nearly all the oaks 
sibly the hickories and hard maple. 

The specific effects various soil 
types skidding resistance not 
known but results study recently 
conducted Germany? indicate that 
small differences soil moisture are 
often more important than differences 
soil type. 

Because this study was limited 
log loads weighing only little more 
than 5,000 pounds, many the skid- 
ding-resistance data involved the 
development Fig. were obtained 
extrapolating from Figs. and 
The relationships expressed these 
two figures were definitely linear 


fo} @ Ground skidding 
Sulky skidding 


Slope percent 


Fig. 15.—Influence slope upon maximum weight logs that can 
skidded 38-h.p. (drawbar) crawler-type tractor 
operating second gear. 
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5,000 pounds but might not have been 
formation contained Fig. should 
considered only approximately 
correct. 


Summary 


The data resulting from this study 
show that the tractive force required 
with slope and load weight. 
affected the skidding method. The 
size and number logs included 
load had significant effect upon 
the resistance skidding exhibited. 

level terrain, sulky skidding 
less tractive effort than ground 
skidding for all loads more than 500 
pounds. The advantage the suiky 
increased with downhill skidding but 
decreased with uphill skidding. 
move 5,000-pound load down 
per cent slope required 
2,600 pounds tractive effort 
ground skidded but only 1,300 
sulky skidded. skid the 
load per cent slope 
6,000 pounds pull for ground skid- 
ding and about 5,350 pounds 
sulky. 

applying the skidding 
values developed the drawbar pull 
(operating second gear) was 
sible express the effect slope ind 
skidding method upon log-load capac- 
ity. Capacity with sulky increased from 
minimum load 2,000 pounds for 
uphill hauls per cent slope 
19,600 pounds for hauls 
the same slope. Over the same 
range, capacity loads for ground skid- 
ding increased from little over 2,300 
pounds about 14,600 pounds. 
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Discussion 


Dan Stillwell (Oregon 
Products Laboratory): How 
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account for equal strain for equal 
weights logs regardless log size? 
Don’t more small logs create more re- 
and ground gouging than 
few large logs? 

Mr. Herrick: disregard the in- 
the gouging action the 
believe would all agree 


Analysis the Lumber Planing Process: 


Consulting Engineer: Associate Professor Research, Department Forest Products, 


that these results bear out what 
should expect. The force required 
overcome sliding friction directly 
force pressing the rubbing surfaces to- 
gether and (within limits) inde- 
pendent the area contact the 
surfaces. While don’t know exactly 
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Report study the peripheral-milling process planing 
lumber. Relationships were determined between cutterhead horse- 
power and various combinations specimen, cutterhead, and feed 
factors. Power demand curves are interpreted comparison with 
simultaneous one micro-second photos chips. Secondary consid- 
eration given quality surface obtained. The cutterhead 
variables, feeds, and speeds are range those commonly used 


industry. 


Introduction 


HIS INVESTIGATION WAS CON- 

DUCTED provide factual and 
fundamental information pertaining 
the process planing lumber. this 
discussion, the term planing 
process” confined peripheral mill- 
ing only, differentiated from plan- 
ing means fixed knife such 
plane. 

Planing here considered the 
process removing excess wood from 
lumber the form single chips. 
These single chips are formed the 
intermittent engagement 
workpiece the one several knives 
carried the periphery disk- 
shaped mount known cutterhead. 
The finished surface therefore consists 
series individual knife traces, 
generated the successive engage- 
ment each knife. 

apparent that there are two 
possibilities workpiece-feed direc- 
tion relation the direction 
cutterhead rotation. conventional 
up-milling, the engaged knives the 
move counter the move- 
ment the workpiece. down- 
milling the engaged knives move 
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vance Publishing Co., Chicago. Presented 
Machining, FPRS Ninth National 
June 21-24, 1955, Seattle, Wash. 


Author: Peter Koch received B.S. from 

ntana State College, Ph.D. 
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consulting engineer Seattle, Wash., July 
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the same direction the workpiece. 
This portion the work concerned 
with the up-milling process. 

The study was designed deter- 
mine the relationship between cutter- 
head-horsepower requirement and 
various combinations ‘specimen, cut- 
terhead, and feed factors. The cutter- 
head variables well the feeds and 
speeds employed are the range 
those commonly encountered 
industry. 

Before discussing the investigation, 
necessary define the terms used. 
the machining terminology used 
metal working widely accepted 
and equally applicable wood- 
working, such terminology ap- 
propriate utilized. The conventional 
up-milling process diagrammed with 
essential parts and dimensions labeled 
Fig. 

Kinematics Process 


Although the path taken the 
knife tip while the process chip 


what influence the gouging action had 
our results, the effect was evidently 
independent the log diameter. 

Northcott (Forest Products 
Laboratories Canada): Your prob- 
lem goes back basic physics. One 
the rules physics that friction 
independent the area contact. 


severance frequently assumed 
circular, fact cycloidal, more 
broadly, trochoidal. The kinematics 
this motion was recognized early 
1900 and possibly earlier. 

The curve defined each knife tip 
that the curve generated consider- 
ing the stock fixed space, and 
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KNIFE_ FACE 


Fig. 2.—Curtate trochoid. 
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allowing the cutterhead rotate about 
roll circle suitable diameter 
give relative translatory velocity 
equal the desired feed speed the 
stock. The lower generated surface 
the result conventional up-mill- 
ing, whereas the top surface accom- 
plished down-milling. 

This concept has been visualized 
through the employment rack 
and pinion, shown Fig. The 
geometry and kinematics both up- 
milling (11) and down-milling (12) 
have been thoroughly explored 
Martellotti, and will not further 
discussed here. 


Testing Technique 


The test apparatus consisted 
slightly modified combination knife 
grinder and jointer. The lumber speci- 
mens, which ranged feet 
long, were securely fastened strip 
cold-rolled steel. This, combina- 
tion with gravity actuated hold- 
down, provided the necessary speci- 
men stability for the tests. The hold- 
down, and specimen running posi- 
tion, are illustrated Fig. the back- 
ing strip being connected roller 
chain the output sprocket 
variable speed gearmotor (out 
the picture the left). 

With this arrangement feed speeds 
600 FPM could accom- 
plished. This apparatus 
larly well suited for the purpose 
hand, inasmuch grinding the 
knives could accomplished the 
machine. More important, the cutter- 
heads could jointed without being 
removed from the cutting spindle 
(Fig. 5). 

measure the input energy the 
cutterhead motor, Esterline Angus 
Graphic Watt Meter was selected 
order that fluctuating readings would 
leave record that could subsequently 
averaged. This meter illustrated 
Fig. 


Fig. 3.—Path generated up-milling 
cutter knife. 


All the experimentation was 
done nominal cutterhead RPM 
3600, that being the nominal RPM 
the 3-horsepower, 220 volt, 3-phase, 
60-cycle motor which was mounted 
directly the cutterhead spindle. The 
actual horsepower and RPM output 
the motor was established means 
prony brake test made conjunc- 
tion with the recording watt meter. 


The means catching the shavings 


order photograph the transient 
phenomena the chip forma- 
tion, photographs were taken 
night with the shutter the camera 
open, the exposure being accomplished 
the flashing General Electric 
one micro-second Photolight which 
illuminated the subject. This piece 
apparatus contains short-gap, high- 
pressure, inert-gas-filled tube with 
energy storage capacitor, high-voltage 
transformer, rectifier, and trigger 
circuit which releases the energy from 
the capacitor into the flash tube 
the proper time. The arrangement 
the camera and lighting apparatus 
shown Fig. 

The photographs taken Patron- 
sky (13) diameter cutting- 
shaper head using exposure 


Fig. 4.—Apparatus for planing specimens feet length showing the workpiece 
secured steel strongback with traction chain running out picture left, extended 
bed with gravity holddown preceding cutterhead, dial indicator, shaving catcher, camera, 


light source, and recording watt meter. 
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time approximately micro-seconds 
were instrumental causing the pres- 
ent work, which that time was 
process, altered the extent 
seeking the faster exposure time 
one micro-second order sto 
the motion the 9-inch 
diameter heads employed. Notice was 
also taken the high-speed motion 
picture study made Hoyle and 
Cote (6). 

The depth cut was established 
means the dial indicator illustrated 
Fig. Specimen thickness was 
established averaging readings taken 
with screw type, capacity 
micrometer. Specimen moisture content 
was determined through the procedure 
oven drying representative 
were calculated for each specimen 
oven-dry weight and oven-dry 
ume basis, and where considered 
portant, also oven-dry 
and green-volume basis. 

determine whether the moisture 
gradient changed abruptly any po:nt 
each specimen, periodic checks 
made with electric moisture 
the testing proceeded. The 
mens which were tested 
were conditioned the 
where they reached equilibrium 
per cent moisture content, 
recorded the various data sectious. 
Specimens which were tested 
water-saturated condition were 
psi for periods ranging from three 
eight days. fire hose served 
the pressure treating vessel. 

The average loaded input wattage 
readings recorded the graphic 
watt meter were translated into gross 
output horsepower directly from the 
prony brake calibration the spindle- 
mounted motor. subtracting from 
this figure the tare horsepower con- 
sumption represented windage loss, 
which varied for each cutterhead con- 
dition, net output horsepower was 
calculated. This represented the energy 
actually utilized removing stock 
the form plurality single chips 
from the specimen 
tion. 

Inasmuch the width the 
men face presented the 
varied somewhat with the 
specimen, the net horsepower figures 
were converted indicate horsepov 


Fig. 5.—Test set 
assembly rotated into position for 
cutterhead 3600 RPM. 
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required per inch stock width. This 
conversion was made the assump- 
tion that the net horsepower require- 
width. This assumption sup- 
investigators the United 
(14), and also workers Beck 
(1) and Bobbe (2) (as reported 
Kolimann). Each tabulated net horse- 

value the individual test data 
sections the result single un- 
ated observation. 


The feed speed the 
corresponding each set condi- 
tions and each power reading was cal- 
culated utilizing the relationship 

Tn/G 

where 

feed rate FPM 

cutterhead RPM the load 

question 
knife marks per foot 


The value was taken from the 
motor performance curve. The value 
was obtained averaging meas- 
ured values taken third points 
each specimen, and course the num- 
ber knives was available for each 
test. 


Experimental Section 
Preliminary 


Specimen Selection: The raw 
material used the tests was Douglas- 
fir heartwood. Each test was designed 
around matched specimens 
scribed the individual test data 
tabulation. effort was made 
match specimens between tests, but 
rather within individual tests. all 
cases the material was selected for its 
uniformity structure and freedom 
from knots areas diagonal grain. 

facilitate selection specimens, 
they were all obtained dry, sur- 
faced condition from retail lumber 
yards Seattle, Wash. general, the 
material the time purchase 
was approximately per cent mois- 
ture content and the width face 
machined was approximately 
inch. All machining was accomplished 
with the feed direction aligned with 
the longitudinal axis the specimen. 


Knives and Cutterheads: The 
two cutterheads had cutting-circle di- 
ameters approximately and 93% 
inches. The 9-inch cutting-circle head 
was slotted receive eight knives. 
The cutting-circle head was 

cutterheads 
chrome, high-carbon, 5/16-inch thick 
corrugated-back straight knives. All 
knives had approximately the same 
Rockwell all cases the 
knives were freshly jointed before 
the width joint being indicated 


FACTORS APPLYING TEST BAKER 


Variable Factors: 
Cutterhead Types 


inch high 8-knife jointer body fitted with 5/16 inch thick corrugated-back knives 
round 8.99 inch diameter cutting-circle with 0.022-inch width joint, 0.295-inch 
extension beyond gib, 30-degree rake, degree clearance and fitted with gibs having 
flat not concave) chipbreaking surfaces right angles the knife face. 

inch high 8-knife jointer head body fitted with 5/16 inch thick corrugated back knives 
ground 9.00-inch diameter cutting-circle, with 0.018-inch width joint, 0.305-inch 
knife extension beyond gib, 30-degree rake, 20-degree clearance and fitted with concave- 


face gibs. 


Per cent Moisture Content: Dry, i.e., 10.0 
Green, i.e., 101 +11 


Grain Type: Flat, with annual rings making angle degrees with the machined 


surface 


Edge, i.e., with annual rings making angle degrees with the machined 


surface 
Depth Cut Inches: 1/32, 1/16, 3/32, and 


Fixed Factors: 
Specimen: 


General Description: 20-foot long dry (10.6 percent M.C.) was ripped such 
fashion that four pieces were obtained, two which were flat-grain and two edge-grain. One 
edge-grain and one flat-grain piece were pressure treated water approximately psi 


for four days simulate green condition. 


Species: Pseudotsuga taxifolia 
Wood Type: Heart 


idth Machined Surface Inches: 0.764 


Spiral Grain: One inch per foot favoring feed 


Specific Gravity: 


Based O.D. weight and green volume: 0.451 
Based O.D. weight and O.D. volume: 0.502 
Inclination Diagonal Grain Direction Feed: None 


Cutterhead: 
Number Jointed Knives Cutting: 
Cutting-Circle Diameter Inches: 9.00 


Width Joint Inches: Average for both cutterheads 0.020 


Nominal RPM Cutterhead: 3600 
Feed Speed: 298 FPM 


the individual test data tabulations. 
Following jointing, each knife was 
honed the face remove any wire 
edge. 

After each jointing and honing op- 
eration, but before any test readings 
were taken, preliminary run was 
made approximately lineal feet 
stock per knife, feed 200 FPM 
and depth cut 1/64 inch The 
purpose this preliminary dulling 
run was eliminate the influence 
the initial rapid deterioration the 
cutting edge and yet leave the knife 
reasonably sharp condition. 

The knife angles were dry ground 
the test machine with 7-inch di- 
ameter, dished, Norton Alundum 
grinding wheel with grit, grade, 
structure, and vitrified bond. 
other words, fairly coarse grit wheel 
medium structure was used. 

The knife angles were checked with 
protractor within +0.5 degree. 
further dressing the knife face was 
accomplished, except the light honing 
after jointing, previously described. 
The jointing stone was Norton 
Alundum with grit, grade, and 
vitrified bond—a medium grit stone 
the soft side. 


information considerable interest, 
the surface quality resulting from the 
various combination factors was 
recorded. The surface defects raised 
grain, fuzzy grain, torn grain, and 
marks are recognized. Following 
each cut the resulting surface was 
each defect. 

Raised grain defined rough- 
ened condition dressed lumber 
which hard summer wood raised 
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above the softer spring wood, but not 
torn loose from it. Fuzzy grain 
characterized fiber bundles that are 
not cut off cleanly, but which project 
above the line cut present 
relatively woolly appearance. 


Torn chipped grain caused 
breaking out particles below the 
line cut. Chip marks may caused 
shavings, more frequently 
minute fiber bundles which split over 
otherwise adhere the extreme 
knife tip. These chips, particles, 
fiber bundles are carried around and 
indented into the finished surface 
the lumber. 


ployed for each factor, rating 
signifying absence the defect, and 
rating indicating extreme severity 
defect. The rating was visual, and 
though open some latitude inter- 
pretation, fairly good idea the 
surface quality could deduced from 
the rating Other investigators 
(4) (5) have also used similar systems 
evaluating planed lumber surfaces. 


the tabular presentation the 
information the individual test sec- 
tions, the surfaces have been desig- 
nated simply satisfactory unsatis- 
factory. surface was considered sat- 
isfactory contained defect rat- 
ing over except the case chip 
marks, where defect rating was 
permitted. 


This classification system takes 
cognizance the distance between 
knife marks, wave height, radius 
knife trace, which are strictly func- 
tions the kinematics the process. 
course, this rating scheme com- 
pletely arbitrary, surface quality 
satisfactory for ome purpose may 
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Table 2.—NET HORSEPOWER REQUIREMENT FOR WOOD REMOVAL 
FROM WIDE STOCK UNDER TEST BAKER CONDITIONS* 


Orientation Grain Machined Surface 


Depth Flat 
Cutterhead of Cut 
Typet Inches Dry 
1/32 


*Refer Table for resume fixed factors. 


flat face chipbreaker gib and concave chipbreaker gib. 


completely unsatisfactory for another 
purpose. 

Factors Investigated: The test- 
ing program was divided into series 
three experiments, two involving 
four variable factors, one involving 
three factors. accomplish identity 
for the purpose chart, photograph, 
and specimen labeling, well ease 
discussion, each experiment was 
assigned name from the phonetic 
alphabet, Baker, Charlie, Dog. 

Factors investigated were: 

Test Baker—cutterhead gib type, 
per cent moisture content, grain type, 
depth cut. 


4 


Edge 


Cutterhead 
Type 


Test Charlie—depth cut, clear- 


ance angle, rake angle, per cent mois- 
ture content. 


Test Dog—depth cut, feed speed, 


number jointed knives cutting. 


Test Results and Discussion 


Test Baker: This experiment 
was test the interaction the 
variables cutterhead gib type, per 
cent moisture content, grain type, and 
depth cut. complete statement 
factors involved shown Table 

The two cutterheads selected for 
this report were 8-knife, 9-inch nomi- 


cutting-circle models. The cutter- 


Fig. 6.—Test Baker. (A) Cutterhead type: No. moisture content: dry; grain orienta- 


tion machined surface: edge; depth cut: 0.125 inch. 


Cutterhead type: No. 


moisture content: dry; grain orientation machined surface: edge; depth cut: 0.0938 


surface: edge; depth cut: 0.125 inch. 


(C) Cutterhead type: No. moisture content: dry; grain orientation machined 
(D) Cutterhead type: No. moisture content: 


Table 3.—COMBINATIONS FACTORS UNDER TEST BAKER 
CONDITIONS THAT PRODUCED SATISFACTORY 


Depth 
Inches Dry 


*Asterisk indicates satisfactory surface. 


green; grain orientation machined surface: edge; depth cut: 0.0938 inch. (E) Cutter- 
head type: No. moisture content: dry; grain orientation machined surface: flat; depth 


cut: 0.0625 inch. (F) Cutterhead type: No. moisture content: dry; grain orientation 
machined surface: flat; depth cut: 0.0625 inch. 
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PLANED SURFACES* 
Orientation Grain Machined Surface 
Flat Edge 

Green Dry 


Green 


heads were identical except for gib 
shape. The two head types can 
compared Figs. and 6B. 


The dry specimens were run the 
equilibrium moisture content 
the laboratory—in this case per 
cent. The green specimens were 
sure treated water for four 
approximately psi give ver- 
age moisture content 100.7 per cent. 

The stock was cut obtain 
specimens both flat and edge-grain 
lumber. All readings were 
approximately 300 FPM and 
cut 1/32, 1/16, 3/32, and 
inches. 

The tabulation horsepower 
quirements shown Table Table 
shows the combinations factors 
that resulted satisfactory surfaces. 
was noted that the edge-grain 
provided 100 per cent satisfactory sur- 
faces. The green 
showed unsatisfactory surfaces only 
with heavy cuts using cutterhead two. 

contrast, the dry flat-grain stock 
produced satisfactory surfaces. The 
flat-grain stock suffered most from 
torn grain, although 
great amount chip marking was also 
present the dry 
mens. study the tabulation 
horsepower requirements indicates the 
following: 


All reported factors considered, 
the edge-grain stock required per 
cent more power than did the 
grain stock. 

cent more power than cutterhead 

All reported factors considered, 
the green stock required per cent 
more power than the dry stock. 

Flat-grain green stock requ:red 
per cent more power than 
dry stock. Edge-grain green stock 
quired per cent more power than 
edge-grain dry stock. 

between heads doubly 
when considering dry stock 
pared green stock. 

between heads approximately ual 
considering flat-grain stock 
edge-grain stock. 

Doubling the depth cut 
less than doubling the 
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Green Dry Green 
0.76 1.06 1.07 
1/8 1.91 2.49 2.16 2.68 3/32 
0.58 0.68 0.95 0.93 
3/32 1.35 1.99 1.55 2.20 1/16 * q 
1/8 1.58 2.52 1.73 2.43 3/32 * q 


power demand for any the heads 

photographic review the action 
reveals some principles involved. Most 
the strong influence 
gib face deformation and 
resultant power demand. Where the 
deformation abrupt and causes 
suarp departure from the natural 
cur! the forming chip, power 
the result. 

illustrates desirable con- 
formation coherent chip. Fig. 
illustrates less desirable 
abrupt deformation will have take 
place order for the chip escape. 
Both these figures illustrate 
depth cut dry edge-grain stock. 
These illustrations should compared 
while making reference Fig. 

The importance cutterhead relief 
conform gib shape shown 
Fig. 6D. not desirable situation 
shown Fig. 6B. 

general the green chip forms in- 
tact, while the dry chip tends shatter 
against the gib face. Edge-grain chips 
generally show more coherence than 
flat-grain chips. will observed 
that where the chip curls without un- 
due restraint, but breaks forms 
(Fig. 6F), the power demand less 
than the situations where the chip 
remains intact, where the chip un- 
dergoes abrupt deformation due 
gib shape (Fig. 6E), where ex- 
treme advance splitting, such 
illustrated Fig. 13A under Test Dog 
conditions, takes place. Refer Fig. 
connection with Figs. and 6F, 
which both illustrate 1/16-inch depth 
cut dry flat-grain stock. 

Test Charlie: This was study 
the interaction the variables 
depth cut, clearance angle, rake 
angle, and per cent moisture content. 
complete statement factors in- 
volved shown Table 

the execution this experiment 
cutterhead slotted for knives with 
rake degrees and with 
nominal cutting-circle inches 
was utilized. The rake angle was 
varied six steps from minus de- 
grees plus degrees means 
front beveling the face the knife. 

The clearance angles investigated 
ranged four steps from plus de- 
tests were run with two jointed knives 
feed speed 72.7 FPM, which 
corresponds approximately knife 
marks per inch. 

The depths cut investigated were 
1/16, 3/32, and inches. The 
contents studied were dry, 
the equilibrium moisture content 
9.5 per cent which the specimens 
after several weeks the lab- 
and green, i.e., approximately 


MOISTURE CONTENT 
---- 10% MOISTURE CONTENT 


DEPTH CUT 


Fig. 7.—Net horsepower requirement for 
wood removal under Test Baker conditions 
comparing cutterheads and machining 
dry and green edge-grain stock. 


Table 4.—RESUME FACTORS APPLYING TEST CHARLIE 


Variable Factors: 


Depth Cut Inches: 1/32, 1/16, 3/32, and 
Clearance Angle Degrees: 20, and 


MOISTURE CONTENT 
MOISTURE CONTENT 


DEPTH CUT (INCHES) 


Fig. 8.—Net horsepower requirement for 
wood removal under Test Baker conditions 
comparing cutterheads and machining 
dry and green flat-grain 


Rake Angle Degrees: 10, 20, 30, and 
Per Cent Moisture Content (based O.D. weight): 


Green, i.e., 113.7 +34 
Day, 1.€., 9.5 


Fixed Factors: 
Specimen: 


General 20-foot long dry (approximately percent M.C.) was first 


ripped and 


each four feet nine inches long. Four 


these were pressure treated water approximately psi for seven days simulate green 
condition. One pair, i.e., one green piece and one dry piece, was utilized for each the 


four clearance angle conditions. 
Species: Pseudotsuga taxifolia 
Wood Type: Heart 
Rings per Inch: 


Width Machined Surface: Average 0.804 inches 
Angle Annual Rings Machined Surface: degrees 


Spiral Grain: None 
Specific Gravity: 


Based O.D. weight and green volume: 0.381 
Based O.D. weight and O.D. volume: 0.405 
Inclination Diagonal Grain Direction Feed: None 


Cutterhead: 


Head body: Jointer type, slotted for eight knives, slotted for 30-degree rake angle 


Gibs: Concave face 


Knives: 5/16-inch thick corrugated back, ground appropriate angles 


Number Jointed Knives Cutting: 
Cutting-circle Diameter Inches: 9.05 
Knife Extension beyond Gib: 0.312 inches 
Width Joint: 0.015 inches 

Nominal RPM Cutterhead: 3600 


Feed Speed: 72.7 FPM 


Table 5.—NET HORSEPOWER REQUIREMENT FOR WOOD REMOVAL FROM WIDE STOCK 
UNDER TEST CHARLIE CONDITIONS* 


Clearance Angle— Degrees 


Depth 
Cut 
Rake Angle Deg. In. Dry Green Dry Green Dry Green Dry Green 
1/32 0.83 0.64 0.78 0.53 0.88 0.45 0.71 0.43 
1/16 1.33 0.99 1.24 0.95 1.33 0.77 1.22 0.75 
3/32 1.71 1.35 1.76 1.33 1.80 1.10 1.60 1.05 
1/8 2.15 1.50 2.10 1.45 2.20 1.44 1.97 1.37 
1/32 0.72 0.59 0.64 0.50 0.67 0.49 0.68 0.39 
1/16 1.09 0.98 1.07 0.84 1.17 0.79 1.09 0.70 
3/32 1.42 1.40 1.39 1.19 1.51 1.08 1.50 0.98 
1/8 1.74 1.72 1.68 1.59 1.78 1.39 1.85 1.30 
0.38 0.54 0.36 0.36 0.38 0.34 0.41 0.40 
1/16 0.59 0.73 0.60 0.64 0.58 0.58 0.62 0.61 
0.79 1.13 0.80 0.87 0.82 0.85 0.91 0.90 
1/8 1.01 1.33 0.94 1.13 1.03 1.09 1.02 1.16 
1/32 0.26 0.30 0.28 0.30 0.25 0.29 0.24 0.25 
1/16 0.41 0.49 0.42 0.47 0.37 0.47 0.38 0.46 
3/32 0.54 0.71 0.56 0.67 0.49 0.65 0.48 0.69 
1/8 0.64 0.91 0.69 0.85 0.61 0.82 0.61 0.87 
1/82 0.18 0.22 0.18 0.22 0.15 0.17 0.17 0.19 
1/16 0.24 0.38 0.27 0.36 0.25 0.35 0.23 0.34 
3/32 0.33 0.44 0.36 0.51 0.31 0.46 0.33 0.47 
1/8 0.42 0.65 0.41 0.66 0.38 0.65 0.41 0.64 
1/32 0.15 0.18 0.15 0.17 0.13 0.17 0.14 0.18 
1/16 0.22 0.29 0.24 0.32 0.23 0.31 0.25 0.31 
3/32 0.29 0.40 0.31 0.40 0.29 0.41 0.32 0.41 
1/8 0.36 0.49 0.38 0.54 0.34 0.58 0. 0. 


*Refer Table for resume factors. 
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Test Baker the green moisture content 
was attained pressure treating the 
relatively dry raw material water 
approximately psi for seven days. 

The test data sheet outlines the pro- 
mens. Table tabulates the net horse- 
power requirements. Table shows 


Table 6.—COMBINATIONS FACTORS 


the combinations factors 
sulted satisfactory surfaces. 

the rake angles considered, the 
30-degree rake angle produced the 
most numerous surfaces 
and was least sensitive changes 
clearance angle. the clearance 
angles considered, the 20-degree value 


UNDER TEST CHARLIE CONDITIONS THAT 


PRODUCED SATISFACTORY PLANED SURFACES* 


Depth 


Clearance Angle—Degrees 


of 5 
Cut 


12% 


Rake Angle Deg. In. Dry 


a 


= 


a 
* * 


1/8 


*Asterisk indicates satisfactory surface. 


NET (ALL CLEAR- 
ANCE ANGLES-ALL DEPTHS CUT) 


RAKE ANGLE (DEGREES) 


Fig. 9.—Relative net horsepower require- 
ment for wood removal under Test Charlie 
conditions comparing dry and 
varying rake angles (ignoring factors 
depth cut and clearance angle). 


NET SUMMATION 


CLEARANCE ANGLE (DEGREES) 


Fig. 10.—Relative net horsepower require- 
ment for wood removal under Test Charlie 
varying clearance angles (ig- 
noring factors depth cut, moisture 
content, and rake angle). 
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isfactory surfaces and was least sensi- 
tive changes rake angle. 30- 
degree clearance angle was close 
runner-up this regard. 

Fuzzy grain was much more promi- 
Raised grain was more prominent 
dry than green stock. Only with 
the combinations 20-degree clear- 
ance angle with 10, 20, 30, and 
degree rake did the satisfactory green 
surfaces equal the number 
factory dry surfaces. With all other 
combinations greater percentage 
satisfactory dry surfaces was obtained. 

and less, the controlling green 
was fuzzy grain. the same rike 
angles the predominant dry defect was 
raised grain. rake angles ind 
degrees, the predominant 
was torn grain for both green 
dry stock. rake angle de- 
grees combination with 
angles and degrees, the 
stock suffered from very consider: ble 
amount chip marking. 

study the horsepower 
ments reveals the following relation- 
ships under Test Charlie 

rake angles from plus 
degrees plus degrees, ignor- 


Fig. 11.—Test Charlie. (A) Rake angle: degrees; clearance angle: degrees; 


cut: 3/32 inch; moisture content: dry. (B) Rake angle: degrees; clearance angle 
degrees; depth cut: 3/32 inch; moisture content: dry. 
clearance angle: degrees; depth cut: 3/32 inch; moisture content: green. (D) 
degrees; depth cut: 3/32 
content: dry. (E) Rake angle: degrees; clearance angle: 12% degrees; depth 
inch; moisture content: dry. (F) Rake angle: degrees; clearance angle: 


angle: degrees; clearance angle: 


12% 


depth cut: 1/16 inch; moisture content: green. (G) Rake angle: degrees; 
angle: degrees; depth cut: 3/32 inch; moisture content: green. (H) Rake angle: 
degrees; clearance angle: degrees; depth cut: inch; moisture content: green 
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(C) Rake angle: degrees; 


inch; 
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ing the factors depth cut and 
angle, green stock requires 
per cent more power than dry 
stock. 

rake angles zero degrees 
and minus degrees, and ignoring the 
factors depth cut and clearance 
green stock requires per cent 
less power than dry stock. 

Cutterhead power demand 
Fig. the power rising 
sharply the rake angle decreases. 
inflection observed between 
and degrees rake which ap- 
plies both green and dry stock. 

Cutterhead power demand not 
particularly sensitive clearance an- 
gle. Fig. represents summation 
Test Charlie data, consideration fac- 
tors other than clearance angle being 
omitted. This graph suggests gradual 
decrease cutterhead power demand 
with increase clearance angle. 

photographic review the action 
reveals some phenomena interest. 
general the chips machined from 
green wood show more coherency than 
those machined from dry wood. For 
example this situation, refer 
Figs. 11B and 11C, well Figs. 
11D and 11F. 

Two extremes the manner 
chip formation are discernible. Figs. 
11B and 11G illustrate crushing paral- 
lel the grain, whereas Fig. 11E il- 
lustrates intact chip formation through 
the mechanism advance splitting. 
will noted that the advance split- 
ting illustrated 30-degree rake, 
whereas the crushing parallel the 
grain minus degree rake. Figure 
11H interesting view 40- 
degree rake angle action. 

The interference caused low 
clearance angle strikingly illustrated 
Fig. 11A. This explains the pres- 
ence raised grain dry specimens 
and fuzzy grain green specimens 
when machined with 5-degree clear- 
ance angle. 

These photographs may offer ex- 
planation for the interaction mois- 
ture content and rake angle shown 
Fig. high rake angles the chip 
removal frequently advance split- 
ting, during which process strength 
tension perpendicular the grain 
plays important part. low rake 
where the chip deformed 
compression parallel the grain, 
compressive strength parallel the 
grain becomes factor. 

the ratio dry green ultimate 
strength tension perpendicular 
the grain approximately 1.24:1, and 
ratio dry green maximum 
crushing strength parallel the grain 
(10), the test results are con- 
with the variation the 


Study Fig. shows that green 
specimens take significantly more 
power than the dry specimens 
(when employing rake angles the 
range plus plus degrees). 
Part the explanation lies the fact 
that the additional weight the green 
due both its free and ad- 
sorbed water, increases the force neces- 
sary accelerate cutterhead ve- 
locity. Other things being equal, this 
increase force would directly 
proportional the increase mass 
the undeformed chip. 

The change velocity considera- 
ble, inasmuch conventional 
up-milling (which applies this test) 
the stock, and with the undeformed 
chip, traveling one direction 
speed perhaps 500 FPM, whereas 
the knife which must pick the de- 
formed chip traveling approxi- 
mately 8000 FPM the opposite 
direction. 

The transition from attached unde- 
formed chip with velocity minus 
500 FPM unattached deformed chip 
with velocity 8000 FPM takes 
place within distance approxi- 
mately one inch, the exact distance de- 
conditions. 

Thus the net horsepower curve for 
green stock offset positive amount 
the ordinate. However, this fixed 
offset which makes green stock take 
more power than dry stock high 
rake angles does not alter the shape 
the curve, the transition from 
wood failure tension perpendicular 
the grain crushing parallel the 
takes place with decrease 
rake angle. 

From the point view horse- 
portance note the significance 
the chip inertia involved cutterhead 
and feed speeds commonly used 
industry. Tests recognizing the in- 
fluence this inertia can expected 
to, and do, yield different results from 


those revealed Kivimaa (7) his 
investigation, which involved the slow 
speed forming chips with radial 
chip testing device. 

The explanation decreased power 
requirement with increased clearance 
angle probably lies the fact that 
interference, illustrated Fig. 11A, 
eliminated with large clearance 
angles. 

Test Dog: This experiment was 
study the interaction the varia- 
bles number jointed knives cut- 
ting, feed speed, and depth cut. 
complete statement factors involved 

subsequently explained, the test 
was limited maximum approxi- 
mately 600 FPM feed speed with 
jointed knives cutting 9.44-inch 
cutting-circle. would have been de- 
sirable test 11-inch diameter 
cutting-circle head fitted with 
knives. With such cutterhead feed 
speed 1000 FPM would order. 
equipment this capacity could 
used, confirmation sus- 
pected drastically increasing 
power curve might have been detected 
the higher feed speeds. However, 
inasmuch the testing apparatus was 
limited capacity, smaller cutterheads 
and slower feed speeds were employed. 

12-knife, 9.44-inch cutting-circle 
diameter cutterhead was used this 
test, and therefore the possibilities for 
numbers knives action was lim- 
ited and 12. The excess 
knives were set back that they would 
not engage the work. order main- 
tain constant width joint during the 
test, the knives were only jointed once 
prior Test Dog and were not 
jointed during the progress the 
test. 

the case the 4-knife situation, 
which involved reseating knives and 
the cutting-circle without subse- 
quent rejointing, the resulting knife 
traces were something less than per- 
fect. This situation probably accounts 


Table 7.—RESUME FACTORS APPLYING TEST DOG 


Variable Factors: 


Depth Cut Inches: 1/64, 1/32, 1/16, 3/32, and 1/8 
Nominal Feed Speed FPM: 100, 300, 400, 500, and 600 
Number Jointed Knives Cutting: and 


Fixed Factors: 
Specimen: 


General Description: The test pieces consisted four 20-foot long ripped from 


single dry (approximately percent M.C. 


surfaced board. One these pieces was 


randomly assigned each the four conditions calling for different number knives. 


Species: Pseudotsuga taxifolia 
Wood Type: Heart 
Rings per Inch: 


Width Machined Surface: Average 0.776 inches 
Angle Annual Rings Machined Surface: degrees 


Spiral Grain: Average value inch per foot 


Percent Moisture Content (based O.D. weight): 7.33 


Specific Gravity: 


Based O.D. weight and green volume: 0.393 +0.04 
Based O.D. weight and O.D. volume: 0.445 
Inclination Diagonal Grain Direction Feed: None 


Cutterhead: 


Head Body: Jointer type, slotted for knives 


Gibs: Concave face 


Knives: 5/16 inch thick with corrugated back 


Cutting-Circle Diameter Inches: 9.44 
Rake: degrees 

Clearance: degrees 

Knife Extension beyond Gib: 0.25 inches 
Width Joint: 0.010 inches 

Nominal RPM Cutterhead: 3600 
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Table 8.—NET HORSEPOWER REQUIREMENT FOR WOOD REMOVAL FROM WIDE STOCK 


UNDER TEST DOG CONDITIONS** 


Number Knives 


Depth Speed 
Cut 
Inches Net FPM Net 
600 0.78 


**Refer Table for resume factors. 


Table 9.—COMBINATIONS FACTORS 
UNDER TEST DOG THAT 
PRODUCED SATISFACTORY PLANED 


Depth 
Cut 
FPM Inches 


HHH 


1/64 


300 1/64 


oo 


1/64 


* 


NET PER IN. WIDTH 


Fig. 12.—Net horsepower requirement for 
wood removal under Test Dog conditions 
comparing depth cut 1/64, 1/32, 
1/16, 3/32, and 1/8 inch 500 FPM 


feed speed with varying number 
knives. 
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*Wattmeter still rising end specimen run. 


Feed Feed 

Speed Speed Speed 

FPM Net FPM Net FPM 

611 0.84 612 0.75 608 
1.62 608 602 
2.59 602 3.01 594 
4.23* 571 4.04* 557 
4.97* 547 550 
0.84 515 0.54 516 
1.52 515 514 
2.47 509 2.04 510 
3.19 510 3.66 507 
4.69* 499 4.96* 497 
0.66 418 0.52 422 
1.15 416 0.93 421 
2.07 414 1.84 417 
2.89 415 2.80 415 
411 408 
0.41 308 0.36 308 
0.90 308 0.70 308 
1.38 306 1.26 308 
2.04 307 2.13 307 
2.63 305 2.76 305 
0. 
0. 
0. 


for some the discontinuity the 


values. 


Depths cut 1/64, 1/32, 1/16, 
3/32, and 1/8 inches were investi- 
gated. The feed speeds selected were 
the range 100, 300, 400, 500, 
and 600 FPM. 


will observed that the 500 
FPM range, and more noticeably 
the 600 FPM range, the limit the 
testing equipment was reached, i.e., 
the higher power demands the re- 
cording watt meter did not have time 
reach leveling off point. Further- 
more, the feed motor RPM 
drooped considerably the higher 
loads. 

Recognizing the shortcomings 
these tests, one can still gain reason- 
ably clear picture the situation un- 
der different combinations the varia- 
ble factors involved. 

tabulation the horsepower re- 
quirements presented Table 
shows the combination fac- 
tors that resulted satisfactory sur- 
face. apparent that high feed 
speeds with tew knives have ad- 
verse effect the surface quality (in 
addition that surface roughness 
created the kinematics the proc- 
ess). While one might suspect that 
deep cuts would contribute surface 
defects, that trend not particularly 
indicated this tabulation. feed 
speeds 300 FPM and above, the 
controlling surface defect torn grain. 
100 FPM the controlling factor 
raised grain. 

Study the data shows that low 
feed speeds the horsepower require- 
ment cutterhead with few knives 
less than that cutterhead with 
many knives. However, high feed 


Fig. 13.—Test Dog. (A) Number 
knives: feed speed: 500 FPM; 
cut: 0.125 inch. (B) Number knives: 
feed speed: 500 FPM; depth cut: 
0.125 inch. (C) Number knives: 12; 
feed speed: 500 FPM; depth cut: 0.125 
inch. 


speeds and medium heavy cuts, the 
horsepower demand relatively 
stant regardless the number 
knives. fact, the slope the curve 
may reversed, with 
cutterhead requiring more powe: 
high speed than the cutterhead 
many knives. 

The explanation this 
(refer Fig. 12) illustratec 
Fig. 13A, which shows 
feed 500 FPM. evident 
the combination deep advance lit- 
ting and restricted gullet space 
gib conformation creates situatio: 
high power requirement. 

Compare the picture just 
with that shown Fig. 13B 
6-knife head also removing ich 
500 FPM. Note that this case the 


AUGUST, 


1/16 
/32 
* 3 if 
/ - 
1/32 
1/16 
3/32 
1/8 
* Asterisk indicates satisfactory surface. 
| 
| > 
a A | 1 


considerably smaller chip breaking 
against the gib reasonably orderly 
process, the result being that there 
less power demand. Fig. 
illustrates somewhat the same 

The relationship feed speed 

requirement for given num- 

linear relationship between 
requirement and feed 
can observed within the range 
300 FPM with heavier cuts, 
and i00 500 FPM with lighter 
cuts. trend toward rapidly increasing 
noted the speed ap- 
proaches 600 FPM. This phenomenon 
with results reported Koll- 
(9). 

The more recent findings Caskey 
(3) indicate lineal relationship be- 
tween requirement and 
feed speed existing approximately 
450 FPM, after which point the slope 
the curve begins get steeper with 
increasing rapidity 900 FPM, be- 
yond which point the tests did not 
extend. 

From Fig. evident that only 
the heaviest cut, i.e., does 
the slope the curve become such 
that the horsepower requirement dou- 
bles with doubling speed. will 
noted that more knives are added 
the head this situation comes about 
higher speed. 

Considering all combinations 
numbers knives and feed speeds, 
linear relationship between depth 
cut and net horsepower requirement 
can observed. The curve displaced 
above the horizontal axis that 
the depth cut doubled, the 
power requirement falls somewhat 
short doubling. 

The height the intercept 
proportional the number knives 
the head, and the slope the curve 
decreases the number knives 
the head increases. other words, 
the feed speed range investigated the 
horsepower requirement for 
knife cutterhead approximately dou- 
bles the depth cut doubled. 
However, the horsepower requirement 
twelve-knife cutterhead falls con- 
siderably short doubling when the 
depth cut doubled. 


Conclusions 


The various factors tested deter- 
mine their relationship net cutter- 
horsepower requirement have 
discussed they occurred the 
individual tests the series being re- 
ported. comparison the 
permits some conclusions 
The comments are grouped 
factor involved, the fac- 
being arranged according their 
ass with cutterhead, feed, 
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Fig. 14.—Net horsepower for wood removal under Test Dog con- 
ditions comparing and 12-knife cutterheads depths cut 
1/64, 1/16, 3/32, and 1/8 inch varying feed speeds. 
(Asterisk indicates watt meter still rising end specimen run.) 


Cutterhead Factors 


With low feed speeds and light cuts, 
the horsepower demand approxi- 
mately proportional the number 
jointed knives cutting, although 
case tested does doubling 
number knives cause doubling 
horsepower demand, other conditions 
remaining the same. 


moderately deep cut, i.e., 1/16- 
inch, and feed speeds that result 
feed per knife excess 0.25 inch, 
the number knives employed makes 
little difference horsepower demand 
when planing dry stock. (Note: Other 
tests, not reported here, show that with 
green stock more 
tionality exists between number 
knives employed and horsepower de- 
mand particular feed speed.) 

However, one considers the re- 
lationship between 
and number knives 
the special case where feed speed 
varied hold knife marks per inch 
constant, then direct proportionality 
exists. this situation, doubling the 
number knives head will dou- 


‘ble the net horsepower demand. 


Rake Angle (Test Charlie): 
strong relationship exists between net 
cutterhead horsepower requirement and 
rake angle. Horsepower demand rises 
sharply with decreased rake angle, 
reaching point inflection some- 
where between plus and plus de- 
rake angle, the slope the 
curve thereafter decreasing for smaller 
rake angles. This holds true whether 
the stock green dry. The rise 
horsepower demand with decrease 
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rake angle when machining green 
stock not pronounced when 
machining dry stock. 

When machining dry stock, rake 
angle degrees requires half 
much power does 0-degree rake 
angle, and twice much power 
does 30-degree rake angle. 


Clearance Angle (Test Charlie) 
The tests indicate that the net cutter- 
head horsepower requirement 
versely related clearance angle. The 
trend not pronounced, however, 
5-degree clearance angle requires 
only per cent more power than 
30-degree clearance angle (all test fac- 
tors considered 

The practical limitations clear- 
ance angle therefore govern its mag- 
nitude. For example, clearance angle 
rake angle degrees results 
edge that too fragile for most plan- 
ing purposes. the other hand, 
degree clearance angle results 
undesirable width heel after even 
the lightest jointing operation. 


Cutterhead Type (Test Baker, 
Test Dog): These comments are 
stricted conclusions drawn from the 
gib types tested. The photographs dis- 
close, and the power readings con- 
firm, that the most desirable gib type 
should present ample gullet space for 
the feeds and speeds contemplated. 

Further, the cutterhead should 
designed eliminate any interference 
with the chip leaves the gullet 
space. Ideally, the gib face should 
concave with the curve the gib face 
being near tangential relationship 
the knife face possible. 
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the gibs tested, the model de- 
signed with face curvature required 
per cent more power than the 
model with concave face, both cut- 
terheads involved having 30-degree 
rake knives and approximately 0.3-inch 
knife extension. green stock the 
difference was more pronounced, and 
dry stock less pronounced. 


Feed Factors 


Feed Speed (Test Dog): With 
relatively heavy cuts, i.e., 1/16 1/8 
inches, approximately linear rela- 
tionship exists between horsepower re- 
quirement and feed speed within the 
range FPM. This range 
linearity extended 100-500 FPM 
for lighter cuts. 

There trend toward rapidly in- 
creasing horsepower demand 
feed speed approaches 
600 FPM. The rate horsepower in- 
crease this upper feed speed range 
accelerated with many-knife heads 
compared heads mounting few 
knives. 

Only with heavy cuts the order 
deep does the slope the 
curve become such that 
power requirement doubles with 
doubling feed speed. more 
knives are added the head this de- 
gree slope comes about higher 
speed range. With smaller depths 
cut doubling feed rate does not 
result doubling horsepower 
requirement. 

Depth Cut (Tests Baker, 
Charlie, and somewhat linear 
relationship between net cutterhead 
horsepower demand and depths cut 
1/16 inch and greater can ob- 
served, although the heavier cuts are 
general more efficient than the 
lighter cuts. The curve displaced 
above the horizontal axis that 
the depth cut doubled the 
power requirement falls short 
doubling. 

The height the intercept re- 
lated the number knives the 
head and the slope the curve de- 
creases the number knives in- 
creases. other words, given 
feed speed (in the range 
FPM) the horsepower requirement for 
2-knife cutterhead approximately 
doubles the depth cut dou- 
bled. However, the 
alls considerably short doubling 
when the depth cut doubled. 

Below 1/16-inch depth cut, the 
curve bends toward horsepower de- 
mand the depth cut approaches 
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Because the many interactions 
involved, generalization very diffi- 
cult make concerning depth cut 
isolated factor affecting net cut- 
terhead horsepower demand. 


Workpiece Factors 


Grain Type (Test Baker): 
comparing edge-grain specimens 
flat-grain specimens the portion 
the tests reported, edge-grain stock re- 
per cent more power than 

at-grain stock. This difference 
power requirement sensitive mois- 
ture content, green edge-grain stock 
requiring only per cent more power 
than green flat-grain stock, compared 
dry edge-grain stock which requires 
per cent more power than dry 
flat-grain stock. Decreased rake angles 
emphasize the greater power demand 
the edge-grain stock over flat-grain 
stock. 


Moisture Content (Tests Baker 
and Charlie). rake angles from 
plus plus degrees, green stock 
takes significantly more power than 
dry stock. this rake angle range, 
and the moisture contents tested, 
green specimens take approximately 
per cent more power than dry speci- 
mens. this rake angle range the 
difference between the power demand 
green and dry stock emphasized 
with flat-grain stock and minimized 
with edge-grain stock. Under Test 
Charlie conditions and rake angles 
degrees and minus degrees, 
green stock requires approximately 
per cent less power than dry stock. 


Space has not permitted the discus- 
sion other factors tested (8), in- 
cluding specific gravity stock, direc- 
tion cutterhead rotation with rela- 
tion direction feed, angle be- 
tween rotational axis cutterhead and 
direction feed, knife extension, 
width joint, and diameter cut- 
ting circle. report the effect 
these variables cutterhead power 
requirement will published 
later date. 
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Discussion 


Hotelling (Henry Disston and 
Sons): Did you observe any decrease 
clearance because the knife crushed 
the 

Mr. Koch: No. The photos are stills 
couldn’t observe compression 
wood. None was indicated, however. 

Patronsky (Wabash Screen 
Door Co.): How much the power 
consumed machining wood used 
for severing fibers and how much for 
removing 

Mr. Koch: made some calcula- 
tions concerning the inertia forces in- 
volved removing dry and wet chips 
(diagram) and conclude 
power involved carrying away the 
chip (as differentiated from severing 
the fibers) considerable 
cance. 

Rex Reynolds (Kennametal, Inc.): 
Have you tried carbide with this test? 

Mr. Koch: Not with this test, 
needed easily jointed knives. 

Mr. Reynolds: Did you retain the 
setup you could run tests 
carbide? 

Mr. Koch: but reproduc 
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Impregnation Wood Impart Resistance 


Alkali and 


IRVING GOLDSTEIN 
Koppers Company, Inc., Pittsburgh, Pa. 


process was developed for impregnating wood with 
cicohol resins make wood resistant both acid and alkali. Effects 
impregnation wood properties are discussed and uses listed 
for furfuryl alcohol resin-treated wood. 


IMPREGNATION WOOD with 
phenol-formaldehyde resins pio- 
the Forest Products Labora- 
tory well known (1). Resin-impreg- 
nated wood possesses good dimen- 
sional stability, improved electrical re- 
sistance, increased hardness, and good 
acid resistance. 

For several years the Wood Pre- 
serving Division Koppers Com- 
pany, Inc. has been commercially 
treating dimension stock with phenol- 
formaldehyde resins. This treated lum- 
ber has found application where one 
more its improved properties 
were value such tanks, filter 
press components, bread basket run- 
ners, etc. Recently the treatment 
mahogany veneers with phenol-formal- 
dehyde resins prior lamination into 
stock for automobile body patterns has 
received wide publicity. 

However, the utilization phenol- 
formaldehyde resin-impregnated wood 
chemical equipment limited 
exposure acids, which offers 
good resistance. Its resistance strong 
alkalies poor. meet the need for 
wood resistant both acid and alkali, 
process for impregnating wood with 
furfuryl alcohol resin has been 
developed. 

After machining the desired 
shape, the wood treated im- 
conventional wood pre- 
serving techniques with treating so- 
lution comprising catalyst dissolved 
monomeric furfuryl alcohol. When 
the treated wood heated oven 
dry kiln, the catalyst 
merization the furfuryl alcohol 
the wood hard, chemically resist- 
ant resin. intermediate drying step 
the production phenol-formal- 
wood 
required. 

Any species wood may used 
which allows penetration the treat- 
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ing solution the normal wood-treat- 
ing pressures (about 150 psi). The 
sapwoods southern yellow pine, 
ponderosa pine, and sugar maple are 
particularly suitable. The retention 
resin the cured product may 
varied controlling the treating con- 
ditions. will also depend upon the 
species and specific gravity the 
wood. Since the treating solution con- 
tains inert diluent the resin yields 
are high and high resin contents 
the treated wood are obtainable. 

The novel feature this process 
the use storage stable, fluid, mono- 
meric furfuryl alcohol treating solu- 
tion which undergoes polymerization 
with good resin yields elevated tem- 
peratures. Because the relatively 
small size the furfuryl alcohol mole- 
cules, the treating solution penetrates 
the cell walls and polymerized 
within them. wood impregnated 
with liquid furfuryl alcohol resin 
with resin solution, the resin mole- 
cules are too large penetrate the cell 
walls and remain the lumen the 
same manner which creosote 
stored preserved wood. The dimen- 
sional stability and alkali resistance 
wood impregnated with 
merized furfuryl alcohol resin far 
inferior that obtained when mono- 
meric furfuryl alcohol used the 
impregnant. 


Appearance and Physical Properties 


Wood impregnated with the fur- 
furyl alcohol resin becomes dark 
color. The color varies from dark- 
brown the lower resin contents 
black the higher resin contents. The 
gravity the treated wood 

epends upon the species and the resin 
content. the higher resin contents 
specific gravities greater than 1.0 are 
not unusual. Specimens with specific 
gravity about 0.75 greater may 
given very high degree polish 
sanding with fine abrasive. 

The hardness the wood and the 
related crushing stress (at the elastic 
limit) perpendicular the grain are 
increased markedly the treatment. 
Again the amount increase depends 


FOREST PRODUCTS JOURNAL 


upon the resin content. For southern 
yellow pine the ball hardness may 
increased much 100 per cent 
and the crushing stress perpendicular 
the grain much 200 per 
cent. When tested wet 
treated wood may much 500 
per cent stronger than the untreated 
wood compression perpendicular 
the grain. 


has been previously observed 
with 
pregnated wood, one property ad- 
versely affected the furfuryl alcohol 
resin treatment the impact strength. 
For southern yellow pine containing 
about per cent furfuryl alcohol 
resin the weight dry wood, the 
Charpy impact value for specimens 
span decreased from about 
for untreated wood about inch- 
Ibs. for the treated wood. 


Treatments with furfuryl alcohol 
resins which are polymerized within 
the wood are very effective dimen- 
sionally stabilizing wood. Furfuryl 
alcohol swells wood more than water 
does, and the greatest part this 
swelling permanently retained 
the wood. 
Despite the large permanent swelling 
associated with the high resin contents, 
additional swelling still takes place 
upon exposure the treated wood 
high humidity saturation with 
water. The wood still capable 
swelling further upon subsequent 
pick-up water. 

appears though some regions 
the wood cellulose with openings 
too small for the furfuryl alcohol 
enter and cause swelling are finally 
swollen the entry the smaller 
molecules water. Bulking with fur- 
furyl alcohol does not swell all the 
regions swellable water, but the 
swelling with water not efficient 
swelling with furfuryl alcohol, pos- 
sibly because the greater size the 
furfuryl alcohol molecules. 

Table presents the swelling be- 
havior upon saturation with water 
furfuryl alcohol resin-treated wafers 
Idaho white pine sapwood 
thick the fiber direction, 25/32-inch 
wide the radial direction and 
inch long the tangential direction. 
The growth rings were essentially 
parallel the specimen length. 
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Table 1.—DIMENSIONAL STABILIZATION IDAHO WHITE PINE 
TREATMENT WITH FURFURYL ALCOHOL RESINS 


Moisture 
Permanent Content Tangential ASE* Total 
Tangential WhenIm- Swelling When Tangential 
Resin Swelling pregnated hen Impreg- Swelling 
Content from with Water Impregnated nated with (Based 
(wt. % of Treatment, (wt. % of with Water Water Original - 
Dry Wood) (%) Dry Wood) (%) (%) Length, 
Untreated 
Controls 200 8.84 8.84 
3.46 189 5.22 8.88 
48 6.04 158° 3.30 63 9.58 
80 7.39 124 2.78 69 10.37 
113 8.65 107 2.70 69 11.59 
120 9.10 98 2.64 70 11.99 
*ASE Anti-Swelling 
swelling treated wood 
Efficiency = X 100 


has been shown other investi- 
gators (2) that for the swelling 
wood various materials there 
further swelling beyond some reten- 
tion fiber saturation point which 
characteristic each material. The 
data Table indicate that this point 
has not yet been reached furfuryl 
alcohol resin content 120 per cent. 
With phenol-formaldehyde resins 
fiber saturation point has 
served resin contents per 
cent. 

the resin content represent- 
ing fiber saturation for phenol-formal- 
dehyde resins, both furfuryl alcohol 
and phenol-formaldehyde resins give 
about the same anti-swelling efficien- 
cies the same resin contents. Some- 
what higher anti-swelling efficiencies 
are obtainable with furfuryl alcohol 
resin treatments the resin content 
increased further. 

For the various agents which stabi- 
lize the dimensions wood bulk- 
ing the fiber, the subsequent swelling 
water decreases linearly the per- 
manent swelling upon 
creases. The graphical representation 
these data can readily fitted 
straight line (3). There large 
deviation from this linear relationship 
when permanent swelling upon treat- 
ment plotted against subsequent 
swelling water for furfuryl alcohol 
resin-treated wood. The total tangen- 
tial swelling from resin and water 
the highest resin content studied 
per cent greater than for water 
alone. 


Table 2.—EFFECT DURATION EXPOSURE BOILING 10% 
UPON THE TRANSVERSE CRUSHING STRENGTH 


swelling untreated contro 


The chief effect alkali upon 
wood appears delignification, 
accompanying shrinkage. Wood ex- 
posed alkali becomes and, 
through loss lignin, fibers can 
easily removed from the surface. The 
effect acid incipient decay 
wood shorten the cellulose chains 
acid enzymatic hydrolysis with 
resultant loss toughness. con- 
trast the action acid which 
severely embrittles wood, the tough- 
ness untreated wood exposed 
alkali unaffected long boiling 
with sodium hydroxide solutions 
per cent concentration, and only 
slightly decreased boiling with 
per cent sodium hydroxide. 


Consequently, impact testing for 
toughness was found unsatisfac- 
tory for evaluating the alkali-resistance 
wood. However, the measurement 
wet crushing strength, which 
related hardness, compression- 
perpendicular-to-grain tests afforded 
satisfactory quantitative evaluation 
alkali-resistance. The variation hard- 
ness not great the correspond- 
ing variation crushing strength 
difference crushing strength 500 
psi corresponds difference hard- 
ness about 200 smaller 
differences are detectable the com- 
pression tests. Some less precise phe- 
nomena connected with 
resistance are large weight losses 
exposure alkali, high moisture con- 


tent after exposure alkali, and 
lapse drying after exposure 
alkali. 

Table shows the effect duration 
exposuré boiling per cent 
sodium hydroxide upon the compres. 
sive strength perpendicular grain 
resin-treated southern yellow The 
wet crushing strength the 
wood fell off very rapidly upon ex. 
posure alkali. Most the loss 
strength and weight occurred within 
hours. After one day the crushing 
strength the untreated fell 
from 620 psi 160 psi that 
the treated wood fell from 2650 
2400 psi. After days the 
ing strengths were and 8%) psi 
and the weight losses and 


off the crushing strength wit! con- 
tinued exposure. This point was 
reached sooner the untreated 


treated and untreated wood 
made assuming that wet 
strength 500 psi 
that untreated, unexposed 
yellow pine) represents the 
strength required for 
polation graphical 
the data Table may cal- 
culated that the strength the un- 
treated wood reached this value 
about 0.15 days and the 
the treated wood would fall psi 
after approximately days exposure. 
The ratio these lengths exposure 
indicates service life over 300 
times that the untreated wood for 
treated wood with this resin content 
under these conditions exposure. 
The crushing strength after 
sure alkali, which index 
alkali-resistance, increases with increas- 
ing resin content. low resin con- 
tents the crushing strength after ex- 
posure only slightly greater than 
that for untreated wood. per 
cent resin content, the crushing 
strength after four days exposure may 


Table 3.—TOUGHNESS FURFURYL ALCOHOL RESIN-TREATED AND 


UNTREATED AND FURFURYL ALCOHOL RESIN-TREATED 


SOUTHERN YELLOW PINE 


Duration of 


Exposure to 
Boiling Loss in 
Resin Content 10% NaOH Weight* 
(wt. % of Dry Wood) (days) (%) 
Untreated _. Unexposed 
Untreated _ 1 21 
Untreated 
Untreated _ 4 26 
Untreated 
Untreated : 16 32 
Unexposed 
70_ 1 5 


*On alkali-free bone-dry basis. 


tests were made the wet wood after was washed free alkali. 
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UNTREATED SOUTHERN YELLOW PINE SPECIMENS AFTER 
HOUR EXPOSURE BOILING DILUTE SULFURIC ACID 


Moisture 
Average Resin Concentration of Loss in Contentt Toug ness 
Content (wt. Acid Weight* (wt. 
of Dry Wood) (%) (%) Dry Wood) Pou: ds) 
Moisture Crushing Untreated 4 t 
Contentt Strength 68 Unexposed 1 2 
(wt. % of at Elastic 
(Dry Wood) Limit (psi) Untreated 0.5 
121 620 
170 160 Untreated _ 1 21 5 4 
203 
216 80 66 11 16 J 
66 2650 
99 1780 69 13 18 1 
109 1290 


*On acid-free bone-dry basis. 
content testing. 
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high 2000 psi. Little im- 
over untreated wood ob- 
served below per cent resin con- 
tent. the same increments resin 
content greater increase wet crush- 
ing after exposure alkali 
the higher resin contents 
than the lower ones. 

impact strength through hy- 
cellulose. Although the fur- 
fury! alcohol resin-treated wood 
muc more brittle than untreated 
after exposure boiling dilute 
sulfuric acid the untreated wood 
becomes more brittle than 
the 

Table shows the effect exposure 
increasing concentrations boiling 
dilute sufuric acid the impact 
(Charpy impact, four inch 
span, 14-inch cross-section) 
resin-treated southern yellow pine. The 
resin treatment alone caused marked 
reduction toughness the unex- 
posed wood. 

Upon exposure 0.5 per cent acid 
the furfuryl alcohol resin-treated speci- 
mens suffered another decrease 
toughness. However, once this level 
had been reached, increasing the acid 
concentration per cent did not 


decrease the toughness further. The 
untreated specimens, the other 
hand, showed continuing loss 
toughness with increasing acid concen- 
tration until per cent acid the 
untreated exposed specimens were 
more brittie than the treated exposed 
ones. 

The furfuryl alcohol resin-treated 
wood also shows improved resistance 
decay. Soil-block tests (4) south- 
ern yellow pine containing about 
per cent furfuryl alcohol 
cated weight loss when duplicates 
were exposed four species wood- 
destroying fungi, compared aver- 
age weight loss per cent for 
untreated blocks. 

When the blocks were weathered 
before exposure the fungi, the 
average weight loss for 
treated blocks was per cent com- 
pared per cent for the untreated. 
Artificial weathering was carried out 
successive cycles wetting, drying 
and ultraviolet radiation for days. 


Applications 


view the good resistance 
wood chemical reagents, en- 
visioned that will find its greatest 
application chemical process equip- 


Vapor Pressures Western Hemlock 
Heartwood During Boiling Under 


Vacuum 
BRAMHALL and CONNERS 


Vancouver Laboratory, Forest Products Laboratories Canada, Division the Forestry 


ment such filter press components, 
tanks, duckboards, hoods, ducts, pipes, 
etc. Its alkali-resistance and ability 
take high polish are desirable prop- 
erties for knife and utensil 

Veneers have successfully 
treated this process and backed 
with plywood. Such laminate need 
only sanded provide attractive 
renewable finish. Laboratory furniture, 
bar tops, tables, and counters could 
made from this laminated material. 

believed that the broad range 
physical properties and chemical 
resistance obtainable the use 
varying retentions the furfuryl alco- 
hol resin will also prove value 
other applications. 
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Data show that the vapor pressure, vacuum required 
initiate boiling, depends temperature and moisture content 
the wood. Apparatus was designed indicate minimum vacuum 
which specimen known moisture content and temperature starts 
boil. Vapor pressures wood below fiber saturation point were 
calculated and curves plotted for temperatures range 120° 


210° 


tant British Columbia softwood 
comparable most its properties 
with Douglas-fir. less resistant 
decay than Douglas-fir when used 
contact with the ground loca- 
tions favorable the growth fungi. 
When used under such con- 
per cent the sapwood 
(1). The depth this 


protection layer must such that 
checks and splits which may develop 
drying will not expose untreated 
wood infection fungi. 
Experience (2) has shown that the 
heartwood western hemlock com- 
pares treatability with that coast 
Douglas-fir and for this reason similar 
methods treatment have been 
adopted for the heartwoods both 
species. The sapwoods the two 
species, however, are not equally re- 
ceptive. Douglas-fir piles have been 
successfully pressure treated after con- 
ditioning boiling-under-vacuum 
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creosote for periods hours. 
However, application similar 
conditioning methods two western 
hemlock piles one charge produced 
the erratic penetrations, varying from 

Thus may assumed that the 
boiling-under-vacuum 
uired for western hemlock differs 
the schedule required for 
Douglas-fir, even that each piece 
may require different schedule. 
While would impractical con- 
dition each piece individually, un- 
derstanding the function the 
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Fig. 1.—Western hemlock piles boiled under vacuum creosote resulted penetrations 
varying one charge from (right) demonstrating need for uniform 


schedule. 


boiling-under-vacuum process, the 
moisture removed it, and the effect 
would make possible use sched- 
ule which would insure the most uni- 
form results for charge. 

the subject vacuum alone 
there considerable difference 
Forest Products Laboratory has made 
recommendations the best 
vacuum, but has used 
inches mercury his experiments 
with coast Douglas-fir (3). The Amer- 
ican Wood Preservers’ Association 
Manual Recommended Practice 
reads, “If vacuum drawn during 
the conditioning period shall 
sufficient intensity evaporate water 
from the material the temperature 
the although gives 
indication when the conditioning 
process shall terminate. 

The publication (4), 
Sleepers British Columbia Douglas 
used. The Ottawa Laboratory the 
Forest Products Laboratories Can- 
ada (report Project Au- 
gust 1951) shows 
vacuum schedule using inches 
vacuum for aspen (poplar) ties. While 
one might expect that low vacuum 
would correspond high tempera- 
ture and vice versa, this not con- 
firmed these experiments. 

Similar observations were noted 
laboratory experiments where be- 
came apparent that the maximum 
vacuum depends almost entirely 
the capacity the condensing and 
evacuating equipment and depend- 
ent only minor extent other 
factors, such temperature and mois- 
ture content the wood charge. 

However, was also observed that 
when two pieces wood widely 
different moisture contents were heated 
creosote the same temperature, 
and the atmosphere over them was 
gradually reduced, the piece which 
contained the higher percentage 
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moisture started boil lower 
vacuum than the other. 
gested that there definite relation- 
ship between the temperature, mois- 
ture content wood, and the absolute 
pressure below which will boil. 
This limiting absolute pressure the 
vapor pressure the specimen. 

The experiments described 
report were undertaken for the pur- 
pose determining what are the 
vapor pressures western hemlock 
heartwood various moisture contents 
and temperatures. 

Vapor pressures were determined 
submerging small specimens 
known moisture content creosote 
fixed temperature, and reducing the 
absolute pressure till boiling took 
place. The small size the specimens 
enabled equilibrium conditions 
established quickiy. Equilibrium not 
readily attained large specimens, 
such ties and poles, because 
their slow rate heating. Additional 
studies would necessary before 
these findings could applied 
commercial size timbers. 


Partial Pressure and Vapor 
Pressure 


Partial pressure the term used 
denote the pressure that each compo- 
nent mixture gases would exert 
alone occupied the volume the 
mixture the same temperature (5). 
gauge, because gauge would measure 
the total pressure the gas mixture. 

When water vapor equilibrium 
with liquid water, the atmosphere 
saturated, and the absence other 
gases, absolute pressure gauge in- 
dicates the saturation vapor pressure 
of, more commonly called, the 
vapor pressure the water that 
temperature. When the atmosphere 
not saturated, relative humidity the 
term used designate the per cent 
saturation (6), according the equa- 
tion: 


Relative humidity 


For example, relative humidity 
per cent, the partial pressure 
water vapor always one-half the 
saturation vapor pressure, which varies 
from 1.7 psi 120° 141 
210° Similarly, the other relative 
humidity curves represent 10, 
per cent, etc., the saturation vapor 
pressures temperatures between 
120° and 210° 


Fig. shows graphically 
though relative humidity commonly 
associated with mixtures 
vapor and air, independent air. 
When air present, the hu- 
midity usually measured we: and 
dry bulb thermometers. When only 
water vapor present, relative 
ity may measured thermo: 
and absolute pressure gauge For 
example, observed (Fig. that 
when the temperature 160° and 
the relative humidity per 
absolute pressure gauge shows 1.) 
per square inch. 


has been found wood se.son- 
ing that wood any moisture 
below the fiber saturation point 
equilibrium any given 
with definite relative humidity 
the use the curves shown 
Fig. water vapor any relative 
humidity and temperature 
shown exert definite vapor pres- 
sure. follows that wood also exerts 
the same vapor pressure when its 
moisture content equilibrium with 
such atmosphere. 


This relation has been used cal- 
culate the vapor pressures wood 
equilibrium with relative 
from per cent per cent and 
with temperatures from 100° 
210° These data have been plotted 
Fig. The curves Fig. were 
derived from Fig. substituting 
vacuum (in. Hg) for 
sure, and deleting all reference 
relative humidity. this form, the 
curves can compared more readily 
with the curves obtained experimen- 
tally for wood heated 
(Fig. 8). 

When wood boiled under vacuum 
creosote would not expected 
that the vapor pressure the wood 
dry kiln. The experiments 
here were for the purpose 
ing the calculated vapor 
wood (shown Fig. with the 
values experimentally 
boiling-under-vacuum creosote 
shown Fig. 

definition (8) the boiling 
pressure equal the external 


Partial pressure water vapor 
Saturation vapor pressure 
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pressure and partial pressure water various 
relative humidities and temperatures. 


sure.” Usually, boiling point deter- 
minations there visible evidence 
both that the liquid phase present 
excess and also that boiling 
taking place. When wood boiled 
creosote, the water not visible 
and the ebullition which visible may 
caused water air. 

The apparatus described the fol- 
lowing paragraph was designed find 
the boiling point wood with the 
minimum loss water (in order 
avoid changing the moisture content 
the specimen wood) and in- 
dicate the flow steam alone from 
the wood without interference from 
the air which also comes 
wood. 


Apparatus 


The apparatus was 
cording Fig. The gases from the 
glass retort were conducted through 
orifice the condenser, then 
through needle valve the vacuum 
pump. Astride the orifice was placed 
inclined oil manometer which, 
conjunction with the orifice, acted 
flowmeter. This flowmeter was by- 
passed large valve which per- 
mitted the rapid evacuation the 
flask the entry air through the 
air inlet valve. 

Thermometers were inserted ob- 
tain readings the creosote and 
vapor phase temperatures, and ther- 
mocouple inside the wood specimen 
gave readings its temperature. 
manometer indicated the 
vacuum the system. 

The specimen which was 
measured for vapor pressure was placed 
vertical copper clyinder, open 
both and equipped with diame- 
trical pin the midpoint keep the 
the lower half. The speci- 
men cylinder were 
the creosote that the 
was entirely covered, though 


{ 
the open top the cylinder extended 
above the liquid surface. 

some preliminary determinations, 
the air leaving the specimen forced 
out liquid water, the water vapor 
which was removed condensed the 
creosote. either case, this water 
naturally migrated the sides the 
flask where higher temperature ex- 
isted due the proximity the heat- 
ing bath. Here the water developed 
higher vapor pressure than the wood, 
giving erroneous readings. 

The copper cylinder acted pre- 
vent the migration water toward 
the sides the flask, thus keeping 
the temperature the creosote, and 
reducing its interference the read- 
ings, since has been shown experi- 
mentally that small quantities water 
creosote exhibit much lower 


Vapour psi. 


Equilibrium moisture content- % 
Fig. 3.—Equilibrium moisture contents wood relative humidities and temperatures. 
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Creosote 


pecimen 


Fig. 5.—Diagram vapor pressure determination apparatus. 


60 170 100 nwo 200 


Fig. 4.—Equilibrium. moisture contents 
wood various temperatures and vacuc. 
Data calculated from published tables. 
(Canadian Woods, pp. 136—137.) 
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vapor pressure than indicated 
steam tables. 


Method Testing 


All the specimens were cut from 
one section western hemlock. Be- 
distinguish heartwood from sapwood 
western hemlock and the purpose 
this series experiments was deter- 
mine the properties the heartwood, 
the outer inch the section was 
assumed sapwood and was dis- 
carded. The remainder was cut into 

one end 3/16-inch diameter 
hole with center from each 
three faces was bored depth 
l-inch. The specimens were then 
placed closed container until they 
were required for conditioning. 

The the moisture 
content presented problem. The most 
accurate method would have been 
oven-dry and weigh the specimens, 
and place them controlled hu- 
midity cabinet until they attained 
desired moisture content. But has 
been shown (9) that there dif- 
ference the hygroscopic properties 
This suggests that the same difference 
might apply green and re-wetted 
specimens wood. 

Furthermore, the diaphragm the 
pores the wood, the torus, be- 
lieved shift position drying 
that prevents retards the passage 
liquids and vapors through the 
wood (10). Re-wetting the speci- 
men does not remove the restricting 
action the torus. 

Because there was assurance that 
re-wetted specimens would give reli- 
able results, was necessary deter- 
mine the moisture content some 
other means. Since the specimens were 
all cut from the same piece and were 
some extent matched specimens, 
was assumed that their equilibrium 


Vopour pressure — psi absolute 


Fig. 7.—Vapor pressure western hemlock heartwood submerged 


Fig. 6.—Rate heating creosote during run. 


moisture contents would approxi- 
mately the same. 

placed together constant humidity 
chamber until they had attained con- 
stant weight. All the specimens were 
then weighed. Six were removed for 
oven-drying and reweighing. The re- 
mainder were returned the humidity 
chamber. The calculated moisture con- 
tents for the six were compared for 
consistency, and the average was as- 
sumed the moisture content 
the remainder the pieces. 

When specimen was required for 
vapor pressure determination, was 
re-weighed compute any subsequent 
change moisture content. thermo- 
couple was then put into the 3/16- 
inch hole the specimen, 
hole was plugged with dowel. 

The specimen was then placed 
the copper cylinder and 
merged the creosote room tem- 
perature. The electric hot plate was 
turned and vacuum inches 


Temperoture— °F 


creosote vs. creosote temperature. 


270 


130 140 


was drawn the retort remove 
air from the wood, which might other. 
wise interfere with subsequent read. 
ings. The vacuum was maintained for 
minutes, after which was te. 
duced inches. The temperature 
the creosote increased according 
Fig. 

When the temperature the creo- 
sote reached 120° F., the vacuum was 
increased through the bypass valve 
about inches less vacuum that was 
The needle valve the vacuum line 
was then closed, the bypass 
closed, and the needle valve 
opened again. 

The flow gases out the 
and through the orifice was 
cated the inclined oil 
This reading was high first and 
gradually decreased um, 
after which started climb ain. 
this minimum flowmeter rea: ing, 
the vacuum the system and the 
wood and creosote temperatures 
recorded, although the creosote 
perature alone used this 
These are considered the 
conditions wood that parti ular 
moisture content. 

Immediately after the reading. the 
vacuum line was closed, the bypass 
opened, and air was allowed into the 
system stop the boiling. 

Readings were taken approxi- 
mately 20° intervals from 120° 
200° 

After the final reading had been 
taken, air was allowed into the system 
and the apparatus cooled room 
temperature. Then the entire process 
was repeated, the 
second run being determine dur- 
ing the first run the specimen had lost 


150 160 170 180 190 


Fig. and creosote temperatures which western 
hemlock boils. 
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water introduce appreciable 
error the readings. When the 
second readings corresponded with 
those the first, was assumed that 


the first set readings was correct, 


and these data were incorporated 
the 
the second run 


made, while the system was still 


about F., the specimen was re- 
was the system remove 
any which might have become 
mixed with the creosote, and which 
would interfere with subsequent read- 
ings. this way every specimen was 
boiled water-free creosote. 


Theory Reading 


When the needle valve 
line opened, high flow- 
meter reading observed. This 
caused the rapid flow air out 
the retort the line which 
lower absolute pressure. 

the retort loses air, the pressure 
difference between the retort and the 
line reduced and the flowmeter read- 
ing falls off. However, when the ab- 
solute pressure the retort reduced 
the vapor pressure the wood, the 
water the wood starts boil, the 
vapors passing through the orifice 
the condenser. 

When this occurs, the air which 
was previously contact with the 
cooling surface replaced water 
vapor which behaves different 
manner air, that condenses 
quickly, causing reduction pres- 
sure the condenser. This turn 
creates increased vapor flow from 
the retort through the orifice, and 
rise the flowmeter reading. The ab- 
solute pressure measured this time 
the vapor pressure the wood 
contact with creosote. 


Treatment Data 


The vacuum readings obtained from 
the manometer were adjusted for the 
barometric pressure and plotted against 
creosote temperatures ranging from 
120° 190° Fig. shows these 
boiling points absolute pressure 
pounds per square inch and Fig. 
inches vacuum for moisture con- 
tents from 24.0 per cent. 


Observations 


the temperature the system 
described herein raised, less vacuum 
required boil water out wood. 

The vapor pressure western 
hemlock boiled-under-vacuum creo- 
with its moisture content 
over range used these experi- 
ments, from oven-dry the fiber 
point. 

vapor pressure readings re- 
corde’ this report were influenced 


two factors: the true vapor pressure 
the wood calculated from data 
“Canadian and the surface 
and capillary effects caused the 
presence creosote the openings 
the wood. These latter effects 
tended give lower reading than 
that calculated from “Canadian 


Results 


was found that when western 
hemlock heartwood various mois- 
ture contents the range per 
cent was submerged creosote 
constant temperature between 120° 
and 190° F., the vapor pressure in- 
increased. 

Furthermore, the vapor pressure 
western hemlock heartwood any 
moisture content the same range in- 
creased with rising temperatures. 
Within the limits moisture con- 
tents and temperatures used these 
experiments, the vapor pressure 
western hemlock 
from 0.7 psi 5.7 psi (Fig. 7). 


Application 


For many years the boiling-under- 
vacuum process has been used con- 
dition wood, especially Douglas-fir, 
for impregnation creosote under 

guide for the treating oper- 
ator, the American Wood Preservers’ 
Assoc. once recommended that boiling 
stopped when the rate which 
moisture was recovered 
charge had fallen one-tenth 
pound condensate per cubic foot 
wood per hour (11). 

Because this rate affected the 
temperature the bath, vacuum, con- 
denser temperature, and type vac- 
uum pump (wet, dry, steam ejector 
type), well the moisture con- 
tent the wood, its value indi- 
cator the condition the wood 
questionable, and longer in- 
tions. 

The findings and observations 
this article provide guide independ- 
ent the type vacuum pump, the 
condenser temperature, and the rate 
removal moisture, and depend- 
ing only upon the temperature and 
vapor pressure the wood. 

These experiments have shown that 
the vapor pressure small specimens 
western hemlock any temperature 
varies with the moisture content. Thus 
the moisture content western hem- 
lock submerged creosote can 
obtained measuring the vapor 
pressure. 

This relation between moisture con- 
tent and vapor pressure applies the 
thick study specimens west- 
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ern hemlock. emphasized that 
predictions can made this stage 
the practical application these 
findings timbers commercial size 
large treating retorts. 

large treating retorts, for in- 
stance, temperatures may vary through- 
out the charge. When there marked 
variability this respect the graphs 
included this report, based uni- 
form bath temperature, could not 
used for determination the moisture 
content the wood. 

Other factors which directly affect 
the rate heating the wood, and 
indirectly affect its vapor pressure, are 
the size and shape timbers, and the 
length the boiling period. Factors 
which may directly affect the vapor 
pressure include the variations the 
relative resistance the wood mois- 
ture movement, species, proportion 
sapwood and heartwood, and whether 
not the wood incised. 

Some these factors are controlla- 
ble some extent, others are not. 
Uniform bath temperatures 
maintained forced circulation and 
spacing. Charges which are 
made entirely one type com- 
modity, such cross-ties one class 
and length poles, meet some the 
requirements for uniformity. Other 
factors will need evaluated 
order determine how the vapor 
pressures commercial sizes tim- 
bers compare with the small specimens 
which were used these experiments. 
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Weathered Laminated Test Stake 


Technique for Evaluation 


Wood 
REGINALD COLLEY 


Basic principles are listed for planning comprehensive stake 
test program. Specially prepared test plots are recommended and 
weathered laminated test stake consisting individual gradient 
retention sticks described. Incidence and degree decay are 
determined laminated pilot indicator stakes. 


HIS PAPER ATTEMPTS define 
some basic principles underlying 
the evaluation wood preservatives 
for land exposure, and describe 
stake test technique that may use- 
ful applying these principles. 
There are insidious dangers the 
placid acceptance standard test 
procedure and the rigid application 
the standard biological science. 
This inevitably leads degree 
complacency and crystallized custom 
that may seriously interfere with ra- 
tional modifications modernization 
techniques that are essential or- 
der take advantage new bio- 
logical and chemical knowledge. 
Method itself should subordinate 
principles and purposes. Experience 
may improve the formulation and 
statement principles, well 
change the purpose the biological 
test. The all important factor these 
tests know—at any given time— 
why are running the test and what 
hope learn from it. 


the work being done true 
research project, the most tangible lim- 
its the range inquiry are the 
available funds. However, even here 
and policies usually play 
decisive part. Practical evaluation 
commercial preservatives must take ad- 
vantage the facts developed 
search; and must aimed de- 
velopment valid information 
how much the respective preserva- 
tive materials are required prevent 
decay, that reasonable economic ap- 
praisal their use can made 
both supplier and consumer. 


Canadian Section, FPRS, March 1955, 
Ottawa, Ontario. 
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From the point view the bi- 
ologist, long step from the pure 
culture—or single organism culture— 
laboratory techniques the com- 
plex reactions bacteria, mold fungi, 
wood-destroying fungi and insects un- 
der natural conditions. Our informa- 
tion about the part played compe- 
tition among molds and the wood- 
destroying fungi, well the in- 
fluence undefined antibiotic 
tors the soil, the performance 
given wood-preservative far 
from adequate. 

Setting field test plot much 
more job than simply installing 
convenient piece vacant land. 
matter self-evident fact, anyone who 
undertakes plan effective acceler- 
ated stake test faced with major 
dilemma and lot lesser ones. The 
major one that the test should yield 
some reliable comparative results 
quickly practicable. the same 
time the duration the test 
whole should long enough yield 
conclusive evidence about the degree 
permanency preservative effec- 
tiveness. One the ways begin 
solve such dilemma define the 
purpose the test concisely 

ossible. 

Such definition leads the formu- 
lation certain principles. Methods 
might improved immeasurably 
directed substantial part our 
effort evaluating wood preservatives 
toward standardizing principles first 
and methods afterwards. For example, 
one the advantages that the soil- 
block technique has over some other 
laboratory procedures that may 
run with the express purpose 
trying find out how much preserva- 
tive required time treatment 
prevent subsequent decay in’ weath- 
ered blocks. The development the 
weathering cycle employed depends 
what understood about the 
behavior any given preservative 


Technical Director, Bernuth, Lembcke Co., Inc., New York, 


the test plot actual The 
following principles appear 
sential any consideration 
erated test plot techniques emp 
small dimensioned stakes. 


Suggested Basic 


practical wood preservative 
priced, penetrating liquid with 
preservative qualities, safe 
and manageable under plant 
operating conditions ment 
procedures designed produce satis- 
factory end-use products. 


Basic data toxicity \vood- 
destroying fungi and the 
health hazard animals and man 
should determined the 
tory before any full scale evaluation 
tests are undertaken. 


The permanency 
effectiveness should 
far practical under laboratory con- 
ditions—by testing treated blocks after 
various degrees weathering soil- 
block cultures against appropriate test 
fungi. These test fungi should se- 
lected according to: (a) their known 
relation decay treated and un- 
treated wood softwood 
wood species; (b) their ease han- 
dling laboratory cultures and 
stability fungus strain and 
lence under laboratory manipulation; 
and (c) their maximum tolerance 
any given preservative. 


Laboratory outdoor 
aging tests treated specimens 
designed accelerate depletion 
chemical change preservative 
should not involve the application 
excessively harsh exaggerated 
cal conditions exposure. 

Test plots should laid out flat 
accessible land, good 
soil with good water 
pacity; separate dry and wet site: are 
preferable single site with 
variable water table. 
specimens—either all sapwood all 
gradient scale permit de- 
tentions. Simulated structures 
facilitate moisture absorption 
ter retention between adjacent 
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1.—Simulated rail newel structure such 
units (above) Miss. test plot, has proved excellent 
effectiveness with above ground exposure 


Products Laboratory, Ottawa, Canada. 


treated specimens should 
used test preservative efficiency un- 
both ground contact 
and ground conditions. 

The stake test should set 
such way that information will 
not only for developing better test 
and for adjusting 
laboratory soil-block weathering and 
culture techniques, but also for cor- 
recting current practices commercial 
treatment and use preserved 
material. 

Except for necessary housekeeping 
the test plot and early Spring 
checkup see that any heaved 
mens are restored proper ground 
line position, the contact between soil 
and treated wood critical test stakes 
should not disturbed until the end 
the test period. Incidence and prog- 
ress early decay attack should de- 
termined from pilot 
stakes. 

Loss change the preservative 
should determined appropriate 
assay methods. Particular attention 
should given the assay pre- 
content and character the 
ground line section the test stakes 
the time installation and the 
time removal from the test plot. 

The fungi causing decay the un- 
treated and treated stakes should 
isolated and identified when possible, 
from time first attack throughout 
the life the test. 

Experimental results should com- 
pared results obtained with stand- 
preservative chosen from the oil- 


materials. 


Test Plot 


Substantial arguments could de- 
vised favor site, say 
cleared forest area fallow 
meadow land mature dormant farm 
soil. However, there are also good rea- 
sons for anticipating test plot require- 
ments and for actually preparing the 
for test plot purposes. Installa- 
depth time-consuming not prac- 
tically impossible unless the soil 
free stones and cleared 
stumps and roots. the long run 


(right) exposed 


would probably prove worth- 
while plow deeply and level the 
soil thorough harrowing. Sections 
could prepared needed but pref- 
erably well advance actual speci- 
men installation. One acre ground 
will provide room for many test stakes, 
and five acres would represent experi- 
mental riches. 

The soil should good loam, with 
average better water holding ca- 
pacity. Heavy clay soils should 
avoided far possible, except for 
incidental comparative experiments. 
suggested that the soil the test 
plot enriched with generous quan- 
tities barnyard manure, well rotted 
compost, and hardwood forest leaf 
molds; season two nitrogen 
build-up appropriate cover crops, 
plowed well into the soil, would es- 
tablish above average favorable condi- 
tions for fungus activity. Nothing but 
frustrating experience gained 
running expensive stake test pro- 
gram unsatisfactory ground. 

For above ground exposure condi- 
tions, where treated wood exposed 
rain and weather, the techniques de- 


BOTTOM TIE 


Fig. 2.—A) The assembled laminated test 
stake. Five individual test sticks are num- 
bered order rising gradient re- 
tentions. Buffer sticks labelled have same 
retentions Nos. and The 2-stick 
laminated indicator stake same length 
No. and has approximately same average 
lowest retention. 
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veloped Verzall? and used 
part the University Michigan 
test plot and the Forest Products 
Laboratory Ottawa (Fig. are 
most promising. They represent very 
successful specific purpose tests 
painted and unpainted treated wood 
that subject changing moisture 
and temperature conditions, but which 
completely free from ground and 
soil moisture contact. 


Careful chemical assay the decay- 
ing and sound specimens such tests 
should yield reliable data how 
much the preservatives tested must 
used prevent decay under above 
exposure conditions. Some 
the same type information least 
can obtained the test procedures 
described the following paragraphs. 


speed the stake test 
whole and secure reliable comparative 
evaluation data the shortest reason- 
able time, test specimen, 
constructed the manner illustrated 
Fig. 2A, may used. The units 
the bundle would made dry 
nominal 1-inch dressed sapwood lum- 
ber, preferably specially quarter sawed 
from selected pine logs. The same 
species should used any given 
comparative series tests. 


Thick sapwood species such white 
pines, red pine, ponderosa pine, the 
southern pines will yield the required 
sapwood material more readily than 
jack pine lodgepole However, 
matter practical planning, the 
use these thin sapwood species, 
Douglas-fir, objectionable princi- 
pally because the compromise in- 
clusion heartwood, which means un- 
certain reckoning retention the 
sapwood portions. 


Dry sapwood strips should ac- 
curately dressed cut with appro- 
The suggested lengths, using the num- 
ber designations Fig. 2A, would be: 


Protection for Exterior Woodwork. 
Southern Lumberman, June 15, 1949. 
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Fig. 3.—A simple cross-piling arrangement over pipe support 
facilitates outdoor treated sticks. Bottom ends should 


rest easily drained bases. 


Clear lumber desirable but small 
solid knots inch diameter 
should not prove seriously objectiona- 
ble, and knots might per- 
mitted the end the pieces. 

Making the test sticks takes plan- 
ning. The best results are secured 
schedule winter cutting, kiln drying 
and piling the boards carefully 
heated basement equivalent storage 
room, selection flat unwarped pieces, 
dressing about 0.8 inch thick, 
plainly marking out the sapwood, and 
then cutting out sapwood 
strips. The latter should piled 
prevent warping far possible— 
still the heated storage—and kept 
piled until cut into the stick 
lengths. The object all this 
secure straight flat sticks with low 
moisture content practicable, say 
percent, order minimize 
avoidable errors calculating reten- 
tion. desirable, test pieces can cut 
from all heart softwood, from sap 
heart hardwood. 


Treatment Gradient Retentions 


The object treatment leave 
known, measurable amounts 
servative the respective test pieces 
the end the treating process. Full 
cell methods with appropriate pres- 
sure and final vacuum, hot and 
cold soaking techniques, are preferred 
any variation empty cell 
process. also assumed that the 
amount preservative treatment 
required inhibit completely the 
growth virulent suitable test fungi 
has been determined soil-block tests 
weathered blocks. This amount, 
called the threshold retention, the 
central figure the planning the 
treatment retention gradient. The 38- 
inch pieces—No. Fig. 2A—should 
treated the threshold retention, 
levels below the threshold and Nos. 
appropriate levels above the 
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Fig. 4.—The weathered laminated test stakes (X) may 
random 4.5 7-foot centers test plot, each 
untreated sticks (open circles), and freshly treated 
weathered double stick indicator stakes (solid circles) 


random. 


threshold. The No. pieces, inches 
long, should treated respectively 
the chosen lowest and highest reten- 
tions. They are intended serve 
buffer sticks, explained later. Dilu- 
tion with toluene will necessary 
secure the desired retentions for creo- 
12, pounds per cubic foot. 

will necessary also treat 
suitable number 34-inch pieces 
the lowest chosen retention for use 
double stick laminated specimens (Fig. 
2B). These serve decay indicators 
and guides the test plot effectiveness. 

The total number pieces required 
for complete set would calculated 
follows, assuming basic set 
laminated test stakes: 


No. sticks in. 
For 
340 


The experienced investigator will 
recognize the desirability treating 
enough additional pieces permit 
selection treated specimens with re- 
tentions grouped closely 
tical about his planned gradient levels. 
Selection need not employed strictly 
the lots indicator sticks, except 
choose test pieces from among 
them. 


Installing Indicator Stakes 


Plans should made for installa- 
tion treated double stick indicator 
stakes, soon possible after treat- 


water, the case may be. These indi- 
cator stakes are intended 
strate the effectiveness full 
low retentions the preservative un- 
der test, well the differences 
behavior freshly treated and weath- 
ered low retention specimens. The po- 
sition the indicator stakes will 
discussed the description the plot 
layout. 


Weathering Test Stakes 


The test stakes should weathered 
out doors for period days 
during the June-September period. 
convenient system cross piling 
illustrated Fig. Alignment the 
rail pipe support NNW-SSE 
direction desirable for good sun ex- 
posure. The top and bottom ends 
the specimens should 
weekly during the weathering period. 
Periodic spraying may 
when rainfall low lacking. 

The purpose the 
evaporation and leaching, both, un- 
der approximately natural but more 
rapidly changing metereological 
tions. The end results will course 
with location and climate and 
weathering period, but this rec- 
ognized factor the experiments. 
The degree weathering 
kept under check 
assay. 

important feature the weath- 
time period for orderly scheduling 
treatment with such partially vola- 
tile preservatives creosote 
petroleum, and arrangement 
practically equal after-treatment 
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dlin periods for each charge treat- 
lot. 


Drying Stakes 


the end the chosen weather- 
ing the different lots treated 
should brought indoors again 
and piled until they reach 
constant weight. Speci- 
mens the same retention group may 
bundled together and wrapped 
resistant materials. They 
kept wrapped until all pieces 
are weathered and redried and ready 
for 


Assembling Test Stakes 


will noted from Fig. that 
the pieces are arranged the 
order The gradient 
treatment retentions are represented 
Nos. and the buffer pieces 
would have the same retentions No. 
and No. respectively. The buffer 
sticks would always identified 
buffers the last figure and the 
gradients the last figures re- 
spectively. The bundles might well 
bear master numbers from 20. 

The different lengths the test 
sticks also serve indicate their re- 
tention category. Labels 
ment numbers would presumably 
placed the pieces after bundle as- 
sembly. Before that the pieces could 
identified simple working num- 
bers numerical order within each 
group. Each piece should weighed 
carefully just before assembly, and the 
weight recorded against the serial num- 
ber, with cross reference the experi- 
ment number. 

The bundles may conveniently 
assembled frame facilitate 
arrangement and alignment. Wood 
clamps may found convenient 
the pieces fairly tightly 
and hold them while they are 
being bound ties the approxi- 
mate points shown Fig. Thin 
wire stable plastic 
such polyethylene cord satisfac- 
tory tie material. 


Installing Test Stakes 


Installation the weathered lami- 
nated test stakes should take place 
preferably early Fall. suggested 
arrangement the major bundles and 
satellite untreated stakes and 
double stick laminated indicator stakes 
shown Fig. The general lay- 
out obvious. The pattern consists 
groups laminated bundle, two 
untreated stakes, two freshly treated 
double stick indicator stakes, and two 
weatlicred double stick indicator stakes. 
This established mapping the po- 
the bundles 4.5 foot cen- 
ters within the rows and 7.0 foot 


centers between adjacent rows. the 
suggested plan followed, two the 
four corner positions will already 
occupied two randomly placed 
freshly treated double stick indicator 
stakes, set inches deep. Holes for 
these specimens and for the other sin- 
gle untreated controls and the double 
stick weathered stakes should made 
with proper size earth augers; holes 
for the bundles should dug with 
minimum practical size augers post 
hole diggers. 


all cases care should taken 
not disturb the soil any more than 
reaching the required 
depth for the 20-inch deep settings. 
Bundles and smaller units should 
installed random order. All voids 
around the specimens should filled 
carefully, using water necessary 
sure reaching the bottom the 
hole. 


Each group (Fig. with 
its side margin occupies 
ground space 31.5 square feet. Al- 
lowing for foot margins the top 
and bottom the rows set 20, 
would fill plot measuring only 
27.5 feet 825 square feet. con- 
tinuous sequence arranged for maxi- 
mum economy, the space required for 
the indicated unit groups 


sets would approximately 
follows: 
Untreated 
and indicator 

Sets Unit groups stakes Acres 

| 320 1920 0.25 
| ee 600 3600 0.50 
960 5760 0.75 
1280 7680 1.00 


Since each laminated test stake de- 
signed contain gradient retention 
test pieces plus buffer sticks, acre 
ground will provide room which 
most ambitious group can experi- 
ment for long time. 


will noted that the untreated 
stakes and the two types double 
stick lowest retention stakes—freshly 
treated and weathered—form grid 
design that will yield complete pat- 
tern fungus attack and early decay 
development for the whole plot 
which the group laminated bun- 
dles installed. 


Inspection Techniques 


Generally speaking, inspections 
should made early Fall, before 
the ground freezes. Inspection proce- 
dure depends the evidence the 
decay pattern the plot revealed 
the the untreated stakes, 
and certain extent upon the iden- 
tification the organisms causing 
such decay. One would know least 
where start looking for the first 
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signs decay the double stick 
weathered indicator stakes. 

Not until decay well established 
the indicator stakes would any con- 
sideration given initial removal 
any the laminated test stakes. 
unlikely that the indicator stakes 
will show much deterioration less 
than two years’ exposure, even the 
lowest retention individual sticks 
the various pairs. The first removals 
the laminated bundles should de- 
ferred until least one year after 
actual destructive decay 
shown the weathered 
sticks. 

The laminated bundles are made 
that the pieces act buffer sticks 
which protect the flat wide surfaces 
the No. sticks from direct 
contact with the soil. The result 
that the five test sticks are actually ex- 
posed the short dimension faces 
only. The individual bundles are left 
position and undisturbed until their 
turn for removal. When time for initial 
removal arrives, proceed follows: 


Dig out the soil enough per- 
mit easy lifting out the laminated 
test stake. 

Scrape and brush off carefully 
any clinging earth, and tightly wrap 
the whole specimen 
resistant paper. Take the bundle the 
laboratory for examination. 

there clear evidence de- 
cay the lowest retention buffer and 
No. stakes, and particularly there 
tween the flat surface the sticks, 
the bundle should kept wrapped 
warm moist place promote in- 
creased growth the mycelium. The 
purpose this move facilitate 
the organisms causing 
decay. 

the appropriate time, open 
the bundle, clean the sticks neces- 
sary, and arrangé or- 
der for visual comparison and 
photographing. 

Make necessary sketches and 
notes the appearance the test 
pieces. 

Select suitable samples for (a) 
fungus isolation cultures, and (b) as- 
say preservative remaining the 
sticks. desirable this time 
provide for assay preservative re- 
maining the test pieces, and 
the buffer sticks, establish the 
state preservative permanence both 
above and below and the ground 
line the time the lowest retention 
pieces have decayed. Subsequently the 
assays may separated 

several year intervals. 

The general plan for successive pe- 
riodic removals the laminated bun- 
dles would depend circumstances. 
the treated wood proved par- 
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ticularly durable, plans could made 
for taking out bundles 2-year in- 


Advantages Laminated Stake Test 


There are certain definite and im- 
portant advantages the laminated 
test stake. Provision made for: 


Exposure gradient retention 
specimens bundled units, each 
such units single spot locations 
the test plot. 

Stable ground line and undis- 
turbed below ground line exposure, 
well above ground exposure 
treated wood beyond the probable lift 
moisture absorbed from the ground. 

Water seepage from the top, 
which would carry down minute parti- 
cles dust bird droppings be- 
tween the individual sticks, increasing 
the chances infection. 

Maintenance favorable mois- 
ture content inside the bundle, between 
the individual sticks, just above the 
ground line, wicking and capillary 
action. 

Numerous samples for periodic 
attemps isolation and identification 
the decay organisms. 

Adequate quantities treated 
wood for assay preservative loss, 
change characteristics over 
long exposure period above 
low and ground line. 

Material for testing loss 
strength. 

Means for graphic illustration 
and demonstration the progress 
decay across the whole retention gradi- 
ent throughout the whole period 
test. 


Other practical advantages well 
disadvantages would probably 
developed thorough Among 
the former would opportunity for 
tests comparative natural durability 
sapwood and heartwood woods 
normally used available for preserv- 
ative treatment, under similar exposure 
conditions within the test plot. Varied 
arrangement the sticks within the 
bundles meet great variety sta- 
tistical requirements would entirely 
possible. 
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Low Retention Gradient Scale 


Some the most important ele- 
ments the plan for the gradient re- 
tentions the laminated stake are the 
amounts preservative the No. 
sticks. These are not intended 
long life units. The retention 
No. must set low enough as- 
sure decay soon practicable, 
order provide evidence the earli- 
est reasonable time favorable 
fungus population the plot, far 
attacking such treated 
wood concerned. With this mind, 
somewhat lower minimum retentions 
might have used the more 
northern than the more southern 
plot locations. the other hand, the 
highest retention should set far 
enough above the expected effective 
threshold assure resistance against 
attack for many years. 

Fortunately, from the combined re- 
sults numerous and often very dif- 
ferent kinds field tests have 
fairly good idea how gradient 
for creosote test might set up. For 
example, assuming creosote thresh- 
old for small weathered specimens 
somewhere near ft, might 
aim the average levels shown 
Table for five gradient steps full 
comparative series tests four dif- 
ferent preservatives. 


Table 1.—GRADIENT RETENTION LEVELS 
Pounds per Cubic Foot 


Creosote 


Dry penta 
Stick (a), (b), petroleum = ——————— 

8 4.0 .16 -40 

5. 14 7.0 70 


(a) Coal Tar Creosote, (b) Creosote and Petro- 
leum 50/50 by weight, (c) Creosote containing 
Per cent Pentachlorophenol weight, (d) Per 
cent Petroleum. 


Variations about the average the 
buffer sticks should correlated 
with variations the No. 
sticks. Some the sticks might have 
considerably lower well higher 
retentions than the average and 
pound retentions chosen for Nos. 


Variations below the pound 
would also expected the 
cator sticks, and these lowest retention 
pieces would furnish the earliest 
dence fungus attack and destruc. 
tive decay. 

interesting severe use the 
laminated technique would ar. 
rangement the weathered low te. 
the preservatives bundles with 
untreated sticks (u), thus: 
and a2-u-b2-c2-u-d2, varying the 
position the test pieces that they 
would have outside soil contact, and 
contact with the untreated sticks and 
with each other. 


Varying Tests 

Various schemes can out 
for handling survivor sticks, 
reinstallation the test plot 
units reassembled bundles. ome 
may cut into blocks for 
the soil-block test above 
ground line and below line 
sections after years exposure. The 
results, checked against assay pre- 
servative remaining the test 
would yield basic information pre- 
servative behavior and rational 
ering techniques. 

Others might cut into smaller 
sticks for toughness deflection 
strength tests. Above ground be- 
low ground parts the sticks can 
sawed apart and the respective pieces 
nailed flat untreated wood 
for indefinite above ground exposure. 
Thus the suggested 
test technique provides enough mate- 
rial for continuing and rewarding ex- 
periment, and makes the test plot 
dynamic rather than static phase 
preservative evaluation. 

The only apparent limitations 
the development the 
would the breadth urgency 
the test program and the skill the 
operator. The question choice 
standard preservative for 
test results problem that has 
far defied any satisfactory solution. 
remains challenge the combined 
efforts biologist, chemist and 
engineer. 


AUGUST, 1°55 


= 


Putting Research Dollars 


POLETIKA 


Assistant Director Research, Timber Engineering Co., Washington, 


Prerequisites for success industrial research program are 
Describes type personnel needed, how initiate and 
out project, report writing, pilot plant development, and patent 
protection. Reports recent developments through applied research 
suggests future products enable the industry hold existing 


markets and develop new ones. 


THE BEST LIFE INSUR- 
ANCE any company can invest 
assure its present and future sales 
and markets. company can hope 
for healthy growth without research. 
many its very survival 
may depend the development 
new products and the improvement 
existing ones. Yet, our competitive 
economy, management sometimes con- 
centrates all its efforts reducing 
production costs, and ignores the need 
for the development new products. 
Efficient manufacturing is, course, 
tremendously important, but slavish 
adherence this principle will lead 
rude awakening when com- 
pletely and better competitive 
product takes over the market. 

The forest products industry old 
and respected and yet its age has been 
one its biggest liabilities. such 
industry, companies which have en- 
joyed steady market for many years 
tend rest their laurels. Fortu- 
nately there has been, recent years, 
growing recognition the industry 
that old products must improved 
and new products developed ever 
increasing numbers meet the vigor- 
ous competitions other materials. 

The production lumber and other 
forest products and their utilization 
into end items, such furniture, 
big business. Yet the largest individual 
lumber manufacturer the United 
States produces less than per cent 
the total production The 
unique feature the industry the 
tremendous number comparatively 
small producers. This great distribu- 
tion production results healthy 
competition but, the 
makes industrial research difficult 

The spectacular progress the 

Presented Annual Meeting, Cana- 


dian Section, FPRS, March 14-16, 1955, 
Ontario. 


Author: Nicholas Poletika attended 
Connecticut and Yale U., holds B.S., 

with Curtiss-Wright Corp., Yale U., 
Conn. Agricultural Experiment Station. FPRS 
Poletika was winner graduate divi- 
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technology wood the past two 
decades has furnished excellent tools 
for use industrial research. These 
tools are complex and varied and only 
skilled specialists can use them eco- 
nomically and efficiently. 
team wood technologists, engineers, 
chemists, and others are needed 
conduct industrial research efficiently 
for firms the lumber industry. The 
average wood products manufacturer 
cannot afford these teams, yet can- 
not afford without their services. 
Therefore, the wood products com- 
panies need employ other means 
conducting their essential research and 
development work. 


For some years, lumber firms the 
United States depended largely 
government and university laboratories 
for much aid, particularly basic re- 
search. more recent years, the need 
for product development and applied 
research has extended the research 
facilities include central labora- 
tory established Washington, C., 
the lumber industry, regional 
industry laboratory, and growing 
number private laboratories set 
the larger companies. 


Laboratory Staff Requirements 


The most important principle 
industrial research getting the most 
out every dollar spent. achieve 
this, close adherence the objective 
each program essential. While 
many interesting sidelights develop 
most research programs, exploration 
these offshoots for the sake sci- 
ence has place conducting ap- 
plied research specific program. 


More leeway can exercised 
association research where projects 
more general interest for the overall 
welfare the industry are involved. 
all cases, however, the most efficient 
way conducting applied research 
and development for the lumber and 
wood products industries busi- 
ness basis. Industrial research not 
something outside the normal busi- 
ness operations company; the 
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contrary it’s just essential produc- 
tion and sales. 


Budgeting time, materials, and 
equipment just important the 
development new method cur- 
ing glue door assembly the 
current production the door. Trying 
meet estimated cost conduct- 
ing project also important, but 
more leniency necessary here than 
operations, for research 
and development work often takes the 
investigator into the unknown where 
may encounter problems impossible 
foresee the time the estimate was 
made. 


Important bear mind that 
laboratory only good its staff. 
Nothing can take the place properly 
trained personnel. The 
suited for applied research and devel- 
opment work somewhat different 
from the popular concept pure 
scientist. While his technical 
ground must excellent, should 
also have practical turn mind. 
Furthermore, must familiar with 
the economics the 
industry produces. 


certain percentage the staff 
industrial laboratory should have 
spent considerable amount time 
industry before starting their 
research careers. Such men are par- 
ticularly valuable for consulting serv- 
ices and trouble shooting expeditions 
addition, men with industrial ex- 
perience are essential wood utiliza- 
tion studies and like problems closely 
aligned with production. 


Initiation and Execution Projects 


The first consideration initiating 
project the definition its objec- 
tive. The importance cannot over 
emphasized thoroughly defining the 
objective the investigation 
avoid any subsequent misdirection 
the work and dissatisfaction with 
results. Since industrial research 
done for businessmen, should 
conducted accordance with good 
business practice. clear understand- 
what the buyer wants important, 
and should brought out 
precise definition the objective. 

Once the objective defined, the 
laboratory supplies the client 
search proposal. The proposal essen- 
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tially presents to-the potential client 
work program which the laboratory 
expects achieve the desired objec- 
tive. Included the proposal the 
research organization’s estimate the 
cost conducting the investigation. 

After the client and the research 
organization have reached mutual 
understanding, signed agreement de- 
fines the project, the confidential 
nature the program protect the 
client’s original idea for product 
process, and possible patents which 
may result from these investigations. 

The actual execution the research 
program always the most chal- 
lenging part the whole sequence 
the development new product 
process. the actual execution 
that the technical staff can exercise 
imagination aad skill. 

The successful completion the 
program dependent the prepara- 
tion and adherence detailed 
work plan. The research worker must 
not, however, forced slave 
the work plan. If, during the course 
the project, facts are uncovered that 
indicate the desirability new ap- 
proach, change should made. 
Both the supervisory personnel the 
laboratory and client must agree the 
change, course. 

One the most difficult problems 
industrial research decide when 
program has shown sufficient prog- 
ress warrant either its termination 
continuation. not wise ter- 
minate program because tem- 
porary setback. the other hand, 
continuous adverse results may indi- 
cate wrong approach. The only prac- 
tical solution this problem 
ance the wisdom the research 
management. must their decision 
which will decide the best possible 
way spend the client’s dollar. 


Presentation the Research 
Product 


the conclusion research pro- 
gram, the laboratory faced with one 
its toughest assignments—how 
present the results its efforts the 
client. many research projects, espe- 
cially before they reach the pilot plant 
technical data rather than 
finished product all that available. 
Presentation this data for the busy, 
nontechnical business executive 
extremely important. 

Many texts have been published 
report writing, the majority which 
stress the importance adequate anal- 
ysis and presentation results. Few 
stress the highly important factor 
translating technical data into readable 
English, succinctly giving the business 
executive one-page summary the 
principal results the research pro- 
gram. other words, tell the client 
what has acquired for his money. 


18-A 


Once the summary accomplish- 
ment has been made, the remainder 
the report should present all the 
necessary data and more. should 
factual and contain minimum 
technical jargon. Complicated calcula- 
tions, sample analyses, and basic test 
data should relegated the ap- 
pendix. Proceed the premise that 
the client’s business executive will 
usually read the overall summary, the 
chief engineer technical director 
will read the detailed results, and only 
another research worker study the 
details the appendix; this usually 
will produce the best 
search report. 


Pilot Plant Development 


many instances, satisfactory de- 
laboratory but the first step 
getting these results into production. 
The development production proce- 
dures for the manufacturing prod- 
uct should done initially pilot 
plant basis. Jumping from the labora- 
tory full scale production may 
extremely dangerous, 
quate development production 
methods can result. 

additional advantage trying 
out the product process pilot 
plant that substantial quantity 
the manufactured material can ob- 
tained from the pilot plant and subse- 
quently used for the exhaustive field 
studies, well for market evalua- 
tions. 

The development pilot plant 
both research and engineering en- 
deavor. The research worker should 
responsible for the technical aspects 
the pilot plant, well checking 
the quality the material produced. 
The engineer, the other hand, 
responsible for developing the design 
the plant produce the product 
most efficiently. 

many cases, the pilot plant 
small prototype the final production 
line. such, permits the industrial 
engineer iron out all the bugs which 
often occur the manufacture 
new product comparatively mod- 
est investment. Once the bugs are out, 
the investment full scale produc- 
tion plant can made with consid- 
erably less risk. 

manufacturing the product pilot 
plant the possibility more com- 
pletely evaluating the economics 
the operation. certain amount 
caution should employed using 
the pilot plant for 
duction costs as, many cases, the 
actual production plant will most 
efficiently 24-hour basis. There- 
fore, certain costs involved running 
production plant will different 
from the pilot plant operation. 


Patent protection for products and 
processes which are developed in- 
dustrial research laboratories 
mendous importance the client 
whose money has been used develop 
this information. Securing the patent 
protection, however, should 
pered with serious consideration 
the benefits which may result. 

the responsibility the indus- 
trial research laboratory staff 
cuss with its clients the desirability 
and practicability making patent 
application. Many patents are granted 
each year which make interesting 
ing, but have very little practical value. 
One the services that efficient 
industrial laboratory offers its 
with patent attorneys. The 
function procurement the 
simply another service offered the 
industrial firm. 


The Timber Engineering Com; any, 
affiliated with the National 
industry service organization. Lo: ated 
the development new uses, and 
more economical utilization wood, 
forest products, and their 

The company’s timber research and 
engineering department has been 
operation since 1933. Its wood prod- 
ucts development and wood chemistry 
laboratories were opened 1943. 

Expanding research facilities and 
large staff engineers, wood 
nologists, and chemists 
company extend its services 
architects, engineers, builders, 
and professors architecture and en- 
gineering, government departments, 
lumber retail, wholesale and 
facturing firms, industrial firms who 
are users wood, railroads, wood 
treating plants, manufacturers ad- 
hesives, and other users wood and 
forest products. 

The services the Timber 
neering Company today are 
following fields: timber engineering 
and designing, technical and consult- 
ing services, educational 
search and product development, and 
sales Teco products. 


Things New Wood 


few years ago the lumber industry 
and its customers had not heard 
one-step seasoning and treating 
ess, non-destructive testing 
laminated cross ties, soil 
from sawdust, silver recovery through 
the use lignin, glued lamin 
timber ship keels 110 feet long, 
nated ship ribs, hardened wood 
legs, burnproof furniture tops, mi- 
nated wood rolls for 
wallpaper. All these have 
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developed through wood industry re- 
Some have yielded satisfactory 
sales profits for many companies 
and show great promise. 


Recommended Wood Research 


Fo: the immediate future, sug- 
geste that lumber manufacturing com- 
throughout the country should 
start projects the following 
four road fields: 


improved adhesives, clamp- 
devices, and handling ma- 

Develop realistic working stress 
data the strength wood 
and laminated products. 

Develop economical treating 
methods increase resist- 
ance and 
tion, and reduce decay and insect 
damage. 


Develop new processes for pulp- 
ing waste wood from forests, 
sawmills, and wood products 
plants. 


looking wood’s competition, 
obvious that improved, superior 
wood products will hold many markets 
and develop new ones for the benefit 
the public and profit those 
who invest research. That why 
strongly recommended that the 
forest products industry should 
thinking now how can expand 
and make better use its research 
facilities. 


Future Industrial Research 


The need for expanded industrial 
research essential part con- 
ducting successful business has been 
receiving the recognition deserves 
the harvesters and processors 
forest products. This recognition has 


resulted providing the necessary re- 
search facilities well ex- 
pansion total volume research 
underway. 

Industrial research the forest 
products industries has almost un- 
limited potential for expansion. 
Through industry’s efforts forest 
management, perpetual supply 
timber has been assured. will 
the industrial research organizations 
further expand the use nature’s 
most versatile material. 

the past decade, many new proc- 
esses and products have been devel- 
oped, yet the honest belief 
most research and development work- 
ers that the next decade will produce 
really startling results. Today, there 
more technical know-how than ever 
before; the volume new develop- 
ments will governed large 
measure the willingness the in- 
dustry invest the research dollar. 


Development and Market Potential 


Particle 


ROBERT CAUGHEY 
Clinton Engineering, Wilton, 


Discusses the impact particle board existing wood using 
industries and outlines its future potential. Lists specifications for 
composition boards used core material for veneered furniture 


panels. 


MANY YEARS attempts have been 
made convert wood waste into 
useful product order improve 
the operating economy the wood- 
using industries and conserve our 
wood resources. One outgrowth 
these attempts, developed during the 
past years, has been the 
wood particle board. 

The designation “particle 
herein board products com- 
discrete particles wood 
coarser than the fiber used soft fibre 
boards high density (specific 
approximately 
boards, said particles being bonded to- 
gether under heat and pressure 
means resinous binder. Generally 
speaking, such particles are produced 
from relatively coarse material the 
Fall Meeting Northeast Sec- 
tion, Nov. 1954, New York City. 


The Author: Robert Caughey 
New Hampshire, M.S. from Mass. 
State was research assistant and 
engaged chemical engineering 


and wood utilization research. Direc- 
Souhegan Mills, Inc., Wil- 
ton, Caughey developed several types 


breaking action hammermill 
similar machine. 

Various modifications are employed 
involving the use knives, hammer- 
mills, attrition mills order 
control particle size and shape. How- 
ever, the general procedure involving 
the blending wood particles and 
synthetic resin and the forming 
board under heat and pressure simi- 
lar most plants. The boards pro- 
duced are generally designed have 
properties similar those wood 
and are usually made density 
range from pounds per 
cubic foot. 


Physical Properties 


One the basic technical advan- 
tages particle board the fact that 
specific board can designed 
accomplish specific purpose. For ex- 
ample, study the requirements 
board suitable for use core mate- 
rial for making wood-veneered panels 
has brought about the development 
board having the following physical 
properties: 
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foot (Sp. gr. 

Transverse Strength (Modulus 
Rupture)—Over 1500 p.s.i. 

Tensile Strength—Over 700 p.s.i. 

specimens—2 hrs. hrs. 
15%. 
the volume. 

Hardness 
Approximately 800 

Thermal Conductivity factor) 
—Approximately .75. 

Screw-holding Power— No. 
wood screw driven pilot 
hole requires over 300 for with- 
drawal. 

Dimensional Stability (Effect 
humidity, —Un- 
veneered panels will show increase 
linear dimension approximately 
95% 70° F., compared with its 
equilibrium dimension 50% 
and 70° However, when veneered 
with plastic laminates, the dimensional 
change produced change hu- 
midity negligible. 

Machinability—Machines readily 
with ordinary woodworking equipment 
and with approximately the same 
power requirements fir plywood 
similar thickness. However, saws and 
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cutters should fitted with carbide 
cutting edges. 

10. Gluability—Can glued the 
same manner fir, poplar, gum 
core, using approximately the same 
adhesives, pressure, temperature, and 
glue spreads. may edge glued 
give glue joint which stronger 
than the parent material. 


11. Warpage—Generally 
sistant warping than wood. can 
made warp somewhat sub- 
jecting opposite sides widely differ- 
ent humidity conditions, but any such 
induced warpage reversible re- 
versing conditions. However, mak- 
ing laminated panels, highly stable 
and flat panels can produced 
giving reasonable attention balanc- 
ing the construction, particularly with 
regard control stresses developed 
the surface laminates, and also the 
control moisture transmission 
through surfaces. 


12. Finish—Sanded both sides for 
gluing finish. 


Plastic Laminates 


core board having these physical 
properties can also serve base for 
the application plastic laminates. 
this case further requirement that 
the surface grain characteristics the 
core must such that there will 
the grain pattern 
through the laminate after gluing. 

Such board can serve core stock 
any application where the modulus 
rupture the finished panel will 
controlled largely the strength 
the skin. However, for unve- 
neered board where high modulus 
rupture required, such board 
may not suffice and the manufacturer 
may find necessary provide 
tively high strength skin the surface 
his board during manufacture, 
the use longer fiber lengths and/or 
higher binder content near the surface 
the panels. Such boards have been 
produced with flexural strength ap- 
proximately equal that wood 
plywood. 

thus becomes possible consider 
the use particle board core for 
wood-veneered furniture panels, for 
the application plastic laminates for 
table tops, furniture parts, wall panel- 
ing, etc., structural board for 
sheathing purposes, decorative 
panel. Therefore, the potential market 
for particle board 
tions tremendous and encroaches 
the present fields application 
lumber, plywood and fibre boards. 

From the point view physical 
qualifications, the particle board usu- 
ally possesses several advantages and 
perhaps some disadvantages when 
compared with the wood lumber 
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now being used. Generally, however, 
the advantages when considered from 
all points view, including cost, may 
favor the particle board. 

For example, comparing the 
above listed specifications with the 
properties lumber for use core 
veneered with wood, the finished 
panels made with either type core 
will possess almost exactly the same 
physical properties, except that with 
the synthetic core there may lesser 
tendency warp. The particle board 
core may possess disadvantage 
some cases where treatment the 
edge important, since the synthetic 
edge more difficult finish than 
the lumber core. However, the lower 
cost the synethic core may more 
than offset the additional cost edge- 
treatment. 


the long run the deciding factor 
governing the acceptance particle 
board will the price advantage over 
other materials, provided standard 
quality maintained which will give 
the particle board user confidence 
the his product. 


Peak Efficiency 


may generally stated that the 
point maximum operating efficiency 
and lowest unit production cost may 
approached plant having 24- 
hour capacity least 50,000 square 
feet board. this level 
production the mill-door cost manu- 
facturing board having the prop- 
erties listed above should not exceed 
eight cents per square foot. Since this 
cost much lower than that pro- 
ducing plywood lumber core, the 
only other currently available mate- 
rials providing all the requisites 
good core stock, the potential magni- 
tude the particle board industry can 
easily seen. 


Herein lies the basis for peculiar 
situation that has arisen—a process 
devised means utilizing wood 
waste has now become such magni- 
tude that, many areas, will have 
and depend virgin wood its 
source raw material. 


The basic justification for making 
any technical development the sala- 
bility the product developed. Thus 
any factors which affect the salability 
the product. 


the case particle board, mul- 
titude products have been intro- 
duced the market and 
achieved commercial significance. Al- 
most without exception, the most dam- 
aging customer reactions have arisen 
from lack uniformity quality 
given product. this respect, the 
particle board industry position 


analogous that experienced the 
plywood and fiber board industries 
their early stages development. Ma. 
terials have been introduced the 
trade before the physical requirements 
the material were fully recognized 
appreciated either the board pro. 
ducer the user. 


The natural customer resistance 
new product has been complicated 
the fact that customers have encoun- 
tered failures manufacturing opera. 
tions. These failures have 
been attributable either lack 
the application. 


would therefore seem wise 
consider seriously the 
commercial standard for 
certain types grades 
board that the customer will 
board producer will 
against misuse his product. 


There are adequate technical data 
hand provide the particle 
manufacturer with the that 
can produce board havin; the 
desired physical characteristics and 
proper control quality thit 
can operate with confidence. 
equally more important provide 
strong assurance the trade the 
product can depended upon per- 
form satisfactorily. 


Conclusions 


which will serve highly satisfac- 
tory core material for flat panels. 

Particle board should consid- 
ered new product, and not 
substitute for other materials. 

The cost producing particle 
board less than that other 
rials currently available the same 
job with the same degree success. 

The use wood waste 
ticle board manufacture only 
dental. the broad view, production 
particle board represents new 
trend the conversion tree 
finished product, and therefore the tree 
will become the basic raw materia! and 
the basis the operating economy. 

view the technical knowl- 
edge now available, the present keys 
the successful expansion the 
particle board industry are: (1) for 
the board producer, quality 
and (2) for the user, the 

uy. 

sible organization undertake the 
opment industry standards the 
production particle board. 
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The Kreibaum Process for 


Core 


CONNELLY 


President, The Dean Co., Chicago, 


Discusses history and operation vertical extrusion process 
fer manufacturing core stock. Importance quality control wood 
particle board emphasized, and advantages and limitations 
product are listed. Continually expanding market for wood particle 
board supplement lumber foreseen. 


PARTICLE BOARD becom- 
ing important segment the 
forest products industry for reasons 
that are well known. Good lumber 
important material the world’s 
largest and ever expanding econ- 
omy becoming scarcer. Lumber 
prices, consequently, keep inching 
—especially for the better grades. 
Thus there definite need for 
supplement lumber, thereby 
easing the pressure this market. 

Such product, fill its niche, 
must made from those parts the 
tree, the cutoffs and byproducts 
woodworking plants, which the past 
have served useful purpose except 
for fuel. Such product 
wood particle board, therefore, 
logical development since increases 
greatly the yield harvested 
timber. 

nationwide basis, how many net board 
feet are ultimately salvaged from the 
gross log footage which come from 
the forest, but has been variously 
estimated between and per- 
cent. Through the use composition 
boards, this percentage ultimately can 
increased very substantially. 

For the woodworking industry this 
means not only relief from rising core 
lumber costs, but also greater utiliza- 
tion our basic raw mate- 
tree. These same economic 


factors are work throughout the 
world. 


History Process 


Germany, following World War 
there was urgent need for 
saving alternate for expensive 
core usually happens 
this modern age science and inven- 


Presented Session Composition Board, 
FPRS Ninth National Meeting, June 21-24, 
1955, Seattle, Wash. Read Count 


The Kreibaum Co., Hannover, Ger- 
Many. 


The Author: Connelly, graduate 
University, Chicago, has been associated 
with Dean Co. since 1934. became 
1940, executive vice-president 
1951, president 1952. 


tion, this need fathered the invention 
—the Kreibaum vertical extrusion 
process for manufacturing dimension- 
ally stable, low cost particle board for 
core usage. 

1947, Otto Kreibaum 
experiments the manufacture 
presses. first, glue and chips were 
mixed hand. Later, manually 
operated spray gun was used. Experi- 
ments were discontinued ultimately be- 
cause steam bubbles forming the 
board, though sieves were used for the 
evaporation steam. The glue used 
these experiments was urea formal- 
dehyde. 

1948 further experiments were 
made continuous core manufac- 
turing process. For this purpose, 
regular platen press was equipped with 
side rails and plunger driven 
screw. Experiments showed that 
board could formed and cured 
within reasonable time this primi- 
tive extrusion method. 

the basis this experience, 
1949 the first horizontal extrusion 
press was built for the manufacture 
tube type board, and solid 
boards with grooves. The grooved 
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Fig. Kreibaum process for manufacturing extruded core 


boards were then 
either such way that the grooves 
formed tube type holes, that 
thicker solid board was built up. From 
these boards, experimental house 
and some pieces furniture were 
built. 

Later second horizontal press, 
inches wide, was made for the manu- 
facture tube type boards. 
The difference between the first and 
second presses consisted the design 
the gear. The second press and 
experimental house made this chip- 
core were shown the Hannover In- 
dustrial Fair 1950. The basic idea 
the house was already the use 
veneered chipboard for self supporting 
—and some cases, load bearing— 
walls without studding. 

The board produced these par- 
ticular presses tended 
cause the finer chips settled 
the bottom the forming chamber 
while moving along the conveyor, and 
through the force gravity. Gluing 
two boards together that the denser 
parts were the surfaces also proved 
uneconomical. Therefore, 
through thorough and logical series 
experiments, Kreibaum turned 
the vertical press. this manner, 
acceptable. board was produced 
large quantity, and proved 
desirable material for the manufacture 
furniture, doors and building par- 
titions. 

The third extrusion press was the 
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Fig. 2.—Edge views solid and tube 
type boards. 


first purely vertical design and was 
about inches wide. was designed 
for the manufacture both solid and 
tube type chipcore 
nesses, with feeding apparatus work- 
ing from both sides the top. Presses 
two and three produced tube type 
board for the manufacture approxi- 
mately 100,000 doors 
first few months’ operation. The prod- 
uct these presses was satisfactory and 
additional plants were promptly sold 
Germany, Brazil, and Great Britain. 

addition the presses, the Krei- 
baum staff engineers, through care- 
ful study and survey, selected proper 
preparatory machinery for making and 
drying the chips, etc., from various 
reputable German manufacturers. 
period experimentation, with prob- 
lems such heating and conveying 
material followed. 1951, three 
additional presses were built. The 
present presses, now being used the 
United States, are basically the same 
these with certain refinements. 

mentioned earlier, plants are 
now operating Germany, 
and England. Additional plants have 
been France, South Africa, 
Venezuela, Canada, Mexico, and other 
countries, addition the three 
Kreibaum plants currently operation 
the United States. The latter are 
located Rural Hall, C., Dixie 
Chipboard Co.; Henderson, Ky., Jas- 
Corp.; and Grants Pass, 
Ore., Chipboard Products, Inc. 


Outline Process 


The following briefly outlines the 
process and explains how raw mate- 
such cordwood factory 
waste ultimately are transformed into 
core stock. This wood waste can 
either softwood hardwood, 
mended, however, that fairly con- 
stant material, mixture materials, 
used. 

First all, this cordwood mill 
waste passes through chipper, which 
takes material six inches 
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cutoff table. 


thickness. This machine 
material into chips 
inches long. 


Through the medium blower 
system and green chip storage bin, 
the chips are next gravity-fed into 
milling machine, which reduces them 
the final desired size. the S., 
chips approximately long 
the most efficient size. most 
particle boards, sawdust undesirable 
because adds weight, absorbs glue, 


and does not add any strength the 
board. 


Incidentally, this process, rea- 
sonable percentage bark 
tical, although the quantity should 
limited. Actually, high percent- 
age bark blown out the 
machines the form dust before 
the bark gets into the finished product. 


The chips are next gravity fed 
into rotating drum type dryer with 
spiral fin inside. This tumbles the 
chips dries them and conveys 
them the dry end the dryer. 
There the wood dust blown out the 
top, acceptable chips are transported 
through the bottom, and blower 
system conveyed upward dry 
storage bin. the United States the 
dryer usually heated oil spray, 
although gas preferable certain 

The chips, which have been dried 
down approximately per cent 
moisture content, next are conveyed 
down chip glue batcher mixer, 
where they are mixed with resin glues, 
extender, water, and catalyst. 


After the chips are mixed with the 
glue and after short flashing period, 
they are fed vertically and downward 
into the vertical extrusion presses. The 
popular press size the United States 
inches across. 

The American plants usually have 
setups for about seven different thick- 
nesses, ranging from inch, consid- 
ered the practical minimum, 
present maximum 17% inch. 
The thicker thicknesses, 17% 
inches, are made extruding the 
board over heated pipes, thereby giv- 
ing thick tube-type board 
tively lighter weight than the solid 
board. the same time, this makes 
possible conserve chips and glue, 
and course, cost. 


The plates the presses are 
oil water, the latter 
being used all plants. Through 
resistance, friction, heat 
the glue-treated chips through 
these vertical presses and 
continuous molded board 
across whatever other dimens:on 
desired. 

the board continues across the 
off-bearing table, built saw 
can locked the material any 
desired point, giving straight, clean 


_edge. 


The board, this time, has been 
fairly well cured and the glue 
well set. However, the board then 
carefully piled stacks for addi- 
tional period, that the curing cycle 
can completed and flat, dimen- 
sionally stable board achieved. 


sawing this chipcore one exact 
dimension extruded and the 
other exact dimension after passes 
through Plycore similar gluing 
machine, full yield without waste can 
achieved. This unique feature 
this process and not true 
boards made stock sizes. 


the Kreibaum process, the chips 
are oriented vertical position, per- 
pendicular the two molded surfaces. 
this way, dimensional stability 
achieved Also, what 
might described grain direction 
the board pertains the 49-inch 
direction the board extruded from 
the machine. This would 
ble the grain direction lumber, 
which means that the 49-inch direc- 
tion, high degree dimensional 
stability also made possible. 

The third dimension, which might 
case lumber, discloses tendency 
expand and contract. 
using the conventional plywood con- 
struction, and putting the 
right angles this width 
the board put balance. 

Furthermore, because the 
molded and the chips are 
position, the chipcore 
being manufactured this 
within thickness tolerances 
minus .005. This means 
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sanding planing, and smooth, 
even surface for gluing. 


Quality Control 


Kreibaum organization retains 
many, who are continuously working 
the and conditioning the 
the present plants, rigid 
controls are employed. The 
content the raw material 
watched carefully before the chips 
inio the dryer and again carefully 
when the chips come out 
the dryer. The specific gravity the 
finished board, well 
planability, and other factors 
are also carefully checked frequent 
intervals. 

Another factor which extremely 
important users that there 
free interchange information, find- 
ings, and experience between all Krei- 
baum licensees. Chipcore made 
any process There- 
fore, this technical data which ex- 
changed between Kreibaum manufac- 
turers, well the head office 
Hannover, extremely helpful. 


Furthermore, the quality standards 
other countries, such Germany, 
differ sharply from the quality de- 
mands the woodworking in- 
dustry. Therefore, The Dean Com- 
pany, through competent consultant 
and the use available laboratory 
facilities, has taken all this tech- 
nological know-how from the Ger- 
mans and all other licensees and has 
adapted the Kreibaum chipcore, 
through research and careful experi- 
mentation, exacting quality 
standards. 


The board being made the Krei- 
baum plants the United States 
meeting with success. This has been 
because the conservative and careful 
approach the problem, made with 
the firm conviction that all particle 
boards, regardless the process, have 
certain definite advantages over lum- 
ber, but the same time also have 
definite limitations. 


Advantages 


The advantages are principally 
cost, plus the fact that our clients have 
found that after run material 
using this core, they have much 
lower percentage rejects and have 


sunken joints, occur with lumber 
core. 

unique feature this board and 
distinct advantage the fact that 
the thicker thicknesses, through the 
tube type construction, definite sav- 
ing can made over lumber core 
comparable thickness. The potential 
for this tube type board consid- 
erable. 

the other hand, present and 
potential particle board manufacturers 
should extremely cautious recom- 
mending usages for particle board 
where does not serve well 
lumber. Its strength, 
waterproofness, machinability, well 
many other factors should care- 
fully borne mind 
recognized. 

There such tremendous avail- 
able market for the use particle 
board where preferable lum- 
ber, that folly recommend 
where falls short the mark. For- 
tunately, most chipcore plants are 
under the control competent experi- 
enced people. 


Conclusion 


The industry stands the thresh- 
old new market which holds out 
tremendous potential. very im- 
portant that particle board devel- 
oped prudently and that its manufac- 
ture kept out the hands 
promoters who can much under- 
mine and retard this definite and de- 
sirable trend. the hands qualified 
and experienced companies, this prod- 
uct will constantly improve quality 
and increase volume. putting 
where belongs and properly pur- 
suing this important program, particle 
board will come into its own the 
coming year two, was the case 
with other revolutionary processes and 
products such molded wood boats, 
laminated trusses, 
phenolic resin glues, hot plate presses, 
high frequency lumber cores, and 
plywood. 

With its usage being increased with 
each passing day, particle board just 
now making its move. sure that 
the 1965 annual meeting the 
Forest Products Research Society, com- 
position board will again the 
program. that time will uni- 
versally used and 
doing important job progres- 
sive industry. 
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Discussion 


Patronsky (Wabash Screen 
Door Co.): This paper implies that 
impossible make board the 
horizontal platen process such char- 
acter that does not have greater 
density one side than the other 
and therefore unbalanced. 
actually the case? 


Count Erbach: not impossible 
but more difficult. The extrusion 
process gives balanced distribution and 
overcomes the tendency warp. 

Mr. Patronsky: Does the Kreibaum 
board warp? 

Count Erbach: properly made, 
the Kreibaum board does not warp. 
Since the board comes out the press 
vertically and then deflected 
horizontal position cut the 
desired size, there certain stress 
tension the board. This stress 
removed the after-curing period 
(end curing cycle), when the 
are stacked for certain period. this 
not carefully done, the stress may 
not completely removed. Then un- 
der the influence moisture, warping 
could result. The tendency further 
development the process not 
deflect the board from the vertical po- 
sition which comes out the 
press, and cut the desired 
lengths means horizontal saw. 


George Mara (Washington 
State Institute Technology): 
understand the discussion dimen- 
sional stability the three planes 
orientation, the greatest instability 
the direction the extrusion 
lengthwise the extruded product. 
cross-banding, then the final veneered 
product related the extrusion 
process would seem more truly 
endless width rather than endless 
length. 


John Veach, Jr. (Bemis Hard- 
wood Lumber Co.): Are you doing 
any experimental work the design 
rams control orientation chips 

Count Erbach: Orientation the 
chips gravity. Since the process 
vertical, the chips fall perpendicular 
the horizontal face. 

Mr. Veach: What percentage 
bark you allow the chips? 

Count Erbach: per cent 
bark not harmful. Bark works out 
type filler and fills the pores. 
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The Curvi-Board Process for 


Core 


Describes batch process utilizing either green dry chips, 
with chip preparation similar other processes. The mat formed 
frame which remains around the mat until after the prepressing 
operation. Combination high frequency and hot plate press 
used for curing. Face veneers are applied the time manufacture. 


HAS INCREASED RAPIDLY 
recent years for 
which could used substitute for 
wood and the same time more 
stable and still retain the durable 
properties wood. Furthermore, the 
growing shortage wood demanded 
better utilization wood residues. 

After long and intensive experimen- 
tal and laboratory work, new product 
was developed and brought the 
market under the name 
board”. Various kinds chipboard 
were produced, some disappearing al- 
most soon they were introduced 
while others came stay. 

Stockholm, Sweden. for presentation 
title only Session Composition Board, 


FPRS Ninth National Meeting, June 21-24, 
1955, Seattle, Wash. 


bin 


Chip Charging Mach. 


Sanding 


Sizing 


The tremendous expansion the 
chipboard industry Europe during 
the past five years has proven that 
there large potential market for 
good product. West Germany 
alone the production capacity increased 
from approximately 8,000 cubic meters 
1950 over 100,000 cubic meters 
1954. 

Most the chipboard plants today 
are producing boards exclusively for 
the industry. Thus there 
limitation the possibility for the 
manufacture doors, building ele- 
ments, and moulded articles. 

One the systems that has been 
developed, somewhat unlike most 
the others, the Curvi-Board Process. 
This method differs from others 
that possible, without extra ex- 


U 
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Fig. 1.—Flow sheet showing principles the manufacturing process. 
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Manufacturing 


pensive equipment, make series 
different products low costs and 
produce moulded doors parts with 
almost any profile desired. 


Combination Curing System 


The process includes special 
for curing synthetic resins. 
tion high frequency and ordinary 
hot platen press gives short pressing 
cycle which permits charging the ress 
three four times more often 
possible with ordinary steam press. 
Due the high frequency 
rapid and uniform curing the 
obtained throughout the 
board, thus making possible 
thickness minimum time. 

The process was invented and vel- 
oped Paul Harder, 
who operates plant 
and patented several 
Plants are operation 
France, Switzerland, and 
Italy. Greece, Portugal, Spain, 
Sweden, Colombia, Uruguay, and 


Fig. 2.—Door with recessed panel 
this process. 
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fig. 3.—Particle board core with 
embossed fine particle face. 


Fig. 4.—Corrugated core for lightweight 


Argentina, plants are now under con- 
struction. 


The principles the process are 
shown Figure The production 
line may described follows: The 
raw material, either sawmill waste 
thinnings, chipped and run through 
disintegrator order obtain uni- 
form particles. Then the material 
passes over screen remove the 
sized chips, after which they 
are dried rotating drums, heated 
means gases from oil burner. 
The driers can regulated control 
temperature, quantity, and speed 
hot air, and feeding speed the 
chips. thus obtain any 
desired M.C. the chips maxi- 
mum heat economy. 


From the drier the chips pass 
cooling drum and then large 
storage bins. They are now ready 
mixed with the binding agent, syn- 
thetic resin glue. Mixing done 
special rotating mixers with axial jet 
feeding the resin. The amount 
chips and resin glue carefully 
weighed order secure the exact 
concentration glue. The percentage 
resin from based the 
oven dry weight the chips. 

After being thoroughly mixed, the 
chips the chip-charging machine, 


where they are filled into frame. 
order get the exact amount chips, 
the frame placed scale, which 
automatically shuts off the flow 
chips when the right amount 
reached. 


veneered doors moulded parts 
are produced, one the two 
face veneers placed the bottom 
the frame. The charged board 
then prepressed hydraulic one- 
opening press using heat. The 
second face veneer put top the 
prepressed board and this goes the 
charging outfit front the hot 
press. The press automatically 
loaded, the boards pressed for few 
minutes the multi-opening hot 
press, and then the press automati- 
cally emptied. Next, the boards are 
trimmed and sanded. After rigid 
inspection, they are ready for shipment 
consumers. 


This board manufactured 
board, depending the use. For 
doors and building elements the one- 
layer type preferred. The triple- 
layer board used for furniture 
making. 


The building elements 
turally self-supporting and may 
manufactured sizes suitable for local 
conditions. The board has good acous- 
tical and insulation properties which 
make suitable for building purposes 
and door manufacturing. The thick- 
ness may varied from 120 mm. 
The size the press platens usually 
2700 1400 mm, but may adjusted 
according local conditions. 


Technical Data 


The following figures have been ob- 
tained the Institute for Testing 
Materials Zurich: 


Material: Curvi-Board Panel, 
thick; two layers veneer 
each side, cross-grained. 


Tests 


Density (according wood species) 
Compression Resistance, across, p.s.i... - 
Compression Resistance, lengthwise, 
Bending Strength, lengthwise, 
Bending Strength, across, 
Modulus Elasticity, across, 
Surface Hardness, Brinnel, across, 
Nail Withdrawal Test, 
Screw Withdrawal Test, 
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Fig. 5.—Partial cross-section door showing 
style, core, and face veneer construction. 


Fig. 6.—Partial cross-section alternate 
construction possible with this process. 


Resin Content: per cent (oven 
dry weight) 


Due the content synthetic 
resin glue, the combustibility this 
board less than that natural 
wood. 


The capacity plant may 
example, with capacity 5,000 tons 
year based eight-hour working 
day, the capacity doors per year will 
approximately 132,000. 


Chipboard new product for 
better utilization wood waste, new 
product with new properties and new 
markets. This modern chipboard 
product that has come stay. 


Spruce Wood 
(Albies alba 
Curvi-Board Miller) 
Average Average 
Values 
9.48—0.60 0.45 
1320—1780 356 
19250 5700 
3160 10000 
2820 713 
470000 1710000 
390000 51300 
180— 254 171 
187— 242 187— 250 
0.07 
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Around the World Forest Products 


Research and Development 


Report Fourth World Forestry Congress; 
Review World-Wide Publications 


Utilization Forest Products Re- 
ported Fourth World Forestry 
Congress, Dehra Dun, India, Decem- 
ber, 1954, abstracted from Unasylva. 
Delegates from countries were 
represented. The previous meeting was 
held Helsinki, 1949; and the next 
promises France 1960. The 
was represented observers. 
The purposes the Congress are for 
international interchange and discus- 
sion knowledge the fields for- 
estry for the benefit mankind, and 
foster cooperation between nations. 
Forestry and end production must 
kept balance, was noted. Un- 
less the produce the forest can 
put economic use, there call 
for silviculture. The Congress empha- 
sized the need for improved market- 
ing, and lowering prices make 
possible for wood compete with 
substitutes. Ways keeping down 
costs included proper training 
workers, improved work techniques, 
the right tools, and mechanization. 
factor inducing high cost 
working tropical forests was that 
large number species are not pres- 
ent marketable. Even temperate 
countries there scope for increased 
utilization hardwood species. 
appropriate processing, such season- 
ing and preservative treatment, large 
number unused species can uti- 
lized for ship-building and other spe- 
cial purposes. Some countries reported 
progress this direction, for example, 
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Governor Uttar Pradesh, India, welcomes the President India, 
seated his left, Fourth World Forestry Congress convenes. 
the far right are Marcel Leloup, Director, Forestry Division, FAQ, and 
Ranganathan, Inspector-General India Forests, who was elected 
President the Congress. Among many countries represented were, 
Australia, Austria, Canada, Denmark, Finland, France, Germany, Israel, 
Japan, Spain, Sweden, K., S., and 


development special method 
gluing fluid thermic medium with 
simultaneous impregnation make 
large size wood members out small 
dimension. 

Lacking secondary species 
technical information their proper- 
ties and susceptibility insect attack 
and decay. The need for better grad- 
tions was stressed. recent years de- 
sign housing has assumed increased 
importance. Solid wood giving place 
processed materials with improved 
properties. Prefab construction usually 
lowers cost but standardization de- 
signs and knowledge stress-grading 
components are necessary prerequi- 
sites. 

The Congress recommended educa- 
tion and demonstration for the guid- 
ance civil engineers and architects; 
also engineering schools and colleges. 
Training personnel operating 
modern woodworking machinery needs 
also extended. 

The consumption paper the 
world the increase; therefore 
high priority should given the 
search for new sources raw mate- 
rials, not only for pulp but also for 
sugar and power alcohol. Species such 
eucalyptus and poplar have fair pos- 
sibilities. Some tropical countries are 
using bamboo and grass; and recent 
FAO attention has been focused 
tropical hardwoods agricultural 
residues. 


Current Happenings 
World Forestry 


Shirley, Dean, State University New 
York College Forestry, 
Northeast Section meeting, 
April 28-29, 1955, Glens 


Efforts international forestry be- 
gan 1893 with establishment the 
International Union Forest Res: 
Organizations. The union 
was composed solely 
members but gradually 
ganizations elsewhere. still 
acting today. The union’s achievements 
include international experiments 
source seed Scotch pine and Nor- 
way spruce, international bibliog- 
raphy forest literature, technical 
considerations establishing 
nent and sample plots, and currently 
the preparation multilingual dic- 
tionary. 

Two other agencies failed sur- 
vive World War II: the Comite Inter- 
national Bois, organized 
1932 collect and disseminate tim- 
ber statistics and coordinate techni- 
cal research wood utilization; and 
Centre International Sylviculture, 
organized the Germans 1939. 
The most important international for- 
erty agency was the International Insti- 
tute Agriculture Rome, which 
had section silviculture. The insti- 
tute sponsored the first World For- 
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View the new Forest Experiment and Research Institute, 
rated last Fall Madrid, Its experimental sections 
Pulp, Mycology and Wood Preservation, Dendrology, Timber 
ics, Forest Genetics, Resins and Forest Soils. similar Institute 
dedicated Bolivia, after years intensive preparation 
Forestal. 
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Congress Rome 1926 and 
the Budapest 1936. Its 
activities ceased during the war and 
were supplanted the Food and Ag- 
riculture Organization the United 
The FAO forestry division 
the third Congress 1949, 
and the fourth Dehra Dun, India, 

The Congress Dehra Dun dealt 
with major subjects: present status 
forest protection and forest manage- 
ment, protective function forests, 
function forests, forest 
and tropical forestry. 

There have been several important 
international forestry efforts: the Im- 
Forestry Institute, Oxford, Eng- 
land; government work for- 
estry through the Point Four and other 
mutual assistance programs; co- 
operation with FAO its technical 
aid program; various regional organi- 
zations such Northern Forestry 
Union Scandinavian countries, inter- 
American congresses, and the Colombo 
Plan covering countries Southeast 
Asia. 


Scanning World-Wide 

Forest Publications 

Unasylva, No. June 1955. 
Published quarterly English the 
Food and Agriculture Organization 
the United Nations, Unasylva 
international review forestry and 
forest products. Annual subscription, 
$2.50 through Columbia University 
Press, 2960 Broadway, 27, 

leading article Burn- 
Swiss Forestry, Solothurn, Switzerland. 
Wood still major source fuel 
for domestic heating and cooking. For 
the most part wastefully burned, 
although simple design efficient 
combustion equipment. This has been 
done for other fuels result 
scarcity; reason why should not 
accomplished for wood. Discusses 
three methods combustion—ascend- 
ing, horizontal, and descending, re- 
versed—describes features stoves 
such fuel chambers, grates, etc. 


Wood Industry, 10, No. 1955. 
Published monthly Japanese the 
Wood Technological Association 
Japan, Government Forest Experi- 
ment Station, Meguro, Tokyo, Japan. 

Articles the Japanese Wood Re- 
search Society, Acoustic Boards, Chip- 
board, and Machinery for Production. 
Study Working Intensity Wood 
Sawing, using 42-inch table band re- 
saw and 42-inch circular bench 
machine plus two men dis- 
the following: table height 
three heights, cm, 
and floor, the accounted 
tor consuming energy; cir- 


cular sawing requires higher working 
intensity; intensity differs with spe- 
cies, specific gravity and cutting speed; 
intensity man feeding logs was 
but slightly higher than man receiv- 
ing. 

From 10, No. Studies the 
Strain Band Saws: The objects 
the studies are find proper amount 
the strain band saws and know 
how much weight put the lever 
band machine when the gtrain 
known. 

First the relation between amount 
the strain (T) and the weight (W) 
band machine has been studied. 
Secondarily amount the strain ap- 
plied practically the saws has been 
investigated many sawmills, and 
from this results the safety factor (K) 
each saw has been calculated. 


Obtained results are follows 


(1) The relation between and 

(2) (the mean value 
2.65) and seems have rela- 
tion with blade width (b), thickness 
(t) the saw and diameter (R) 
the machine wheel respectively. 

(3) 2.65 (constant) 

39.4 kg/mm? (b) 
but, where 
0.31 mm<t<1.07 

will possible find proper 
amount the strain band saws 
from formula (b) and know how 
much weight the lever from for- 
mula (a). 

Value Incising for Creosote- 
Treatment Wood Products: Incis- 
ing Nara (Oak) crossties does not 
much improve penetration coal-tar 
creosote wood, but incising Nara 
crossties followed air-seasoning and 
creosoting improves penetration and 
distribution coal-tar creosote 
wood. 

Incising Nara crossties and Sugi 
(Cedar) poles followed the boil- 
ing-under-vacuum treatment improves 
penetration and distribution coal- 
tar creosote wood. Perfect protec- 
tion sapwood Sugi poles can 
expected suitable incising followed 
ment. 


Norsk Skogindustri (Journal for 
Norwegian Paper, Pulp, Timber and 
Wallboard Industries). Published 
monthly, usually Norwegian, 
Stortingsgaten 14, Oslo, Norway. 
No. 1955, has article 
Training Young Men for the Pulp 
and Sawmill Industries. program 
was instituted five years ago and 10,- 
000 have already taken the courses 
pulp, 50% the workers the 
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industry. 1954 the Sawmill Feder- 
ation accelerated their educational pro- 
gram. 

April 1955 contains English 
article Pulp and 
its Possibilities Market Pulp.” Re- 
views properties, uses. 

Jan. 1955 contains English trans- 
lation the Norwegian Paper and 
Board Industry Statistics for 1954. 
The year showed brisk demand. Future 
favorable but industries are cau- 
tioned look for considerable com- 
petition from North America well 
pulp and paper production facilities 
being established purchasing coun- 
tries. Roughly one-half Norwegian 
chemical pulp goes into domestic 
paper. The and Canada export 
million tons pulp Europe 
alone. 

The timber industry converted 
million cubic meters timber 
1954. wallboard production, 
68,000 tons used domestically, 23,000 
exported, makes now one great- 
est consuming nations. Export prices 
have been unfavorable. production 
and quality evaluation hard wall- 
board well known fact that the 
product more less uneven 
thickness, caused variations me- 
chanical conditions the hot press. 


Annales L’Institut Technique 
Batiment Des Travaux Publics 
(French Institute Wood Tech- 
nology Annual Report). Published 
French Rue Perouse, Paris 
XVI, France. English summary: 

Research and work the Centre 
Technique Bois connection 
with the use wood carpentry 
and joinery. 

the field research there were 
successively presented the results ob- 
tained the field mechanical test- 
ing (tests plywood concrete 
formwork, nailability through use 
special nails, tests pins, tests flat 
doors), physical testing, tests saw- 
ing and machining, gluing, binding. 
The problem the protection and 
wood finish (paints, varnishes, damp- 
proofing compositions) has been par- 
ticularly developed because its pres- 
ent-day importance. 

Then, the paper deals with activities 
outside the Center: organization 
competition for the erection low- 
cost houses using timber and joinery 
lumber; organization exhibition, 
Wood Building; search for quality 
the creation quality marks ap- 
plying different products (flooring, 
flat doors, etc. and giving com- 


plete guarantee the buyer. Mention 
also made the organization 
design office serve architects, car- 
penters and builders with the view 
toward the use wood construc- 
tion. 


27-A 


q 
4 
7 
q 
q 
7 
7 
q 
q 
q 
q 
q 
a 
7 
q 
| 
g 
4 
g 
| 


Abstracts From Current World Literature 


Composition Board 


struzek opilok. Chip-core panels from 
planings and sawdust. Derev. 
Prom. (7), 1954. 


Illustrated description new method 
continuous manufacture boards hav- 
ing chipboard core with veneer facings. 
Urea-formaldehyde glues are used bind- 
ers (proportion ca. 25% weight), and 
urea- phenol-formaldehyde glues are used 
for gluing the face veneers 
g./sq. m.). The density the boards varies 
from 0.6 0.8 g./c.c., and their strength 
increases with density and proportion 
binder. [For. Abs. 16, No. 


Stillinger, R., and Currier, Rel- 
ative humidity, moisture content, and 
dimensional stability relationship hard- 
board three manufacturers. Rep. Ore. 
For. Prod. Lab. No. T-7, 1954. 


Results tests with types com- 
mercial hardboard, during which 
weight, thickness, linear dimensions, rate 
moisture absorption, swelling 
expansion the boards were determined 
under changes relative humidity (r.h.), 
show that: (1) important differences the 
amount moisture absorption and dimen- 
sional changes cannot far explained: 
(2) the equilibrium moisture content 
commercial hardboards definitely lower 
than that for wood, the former being ca. 
50-75% the latter for given r.h. and 
temperature; (3) the variations moisture 
content, thickness swelling and linear ex- 
pansion with increasing r.h. are similar for 
all hardboard types, are variations 
thickness swelling linear expansion with 
increasing m.c. [For. Abs. 16, No. 


Veneer and Plywood 


Practical methods for determining and 
reducing non-uniform drying conditions 
veneer dryers (Die Furniertrocknung. 
Praktische Mittel zur Bestimung und 
Verminderung der Ungleichfoermigkeit). 
Woldemar Walter. Dec. 1954. Holz als 
Roh- und Werkstoff (12): 463-465. 

Veneer dried large mechanical veneer 
dryers likely vary final moisture 
content, depending its relative position 


the cross section the dryer passes 
through the machine. analysis large 
dryer, having superimposed sets roller 
conveyors, showed considerable variabil- 
ity drying efficiency. Veneer passing 
through the middle the machine came 
out drier than that closer the edges; 
that passing over the top conveyor was 
drier than that passing over the bottom 
conveyor, and this turn was drier than 
that dried the other two conveyors. 

The author proposes that dryers tested 
passing carefully selected, matched ve- 
neers through the dryer simultaneously, 
but different positions the 
tion the machine. the basis test 
results, diagram then prepared show- 
ing the relative drying efficiency various 
positions such left, center, and right, 
and for each conveyor. This diagram 
known the diagram.” 

With the help the variability diagram, 
baffles are introduced various positions 
the dryer, cause the air flow 
deflected from positions where the drying 
faster than average those positions 
where slower than average. this 
method reported that the variability 
final moisture content that due 
position the dryer can reduced con- 
siderably. [H. Fleischer, Forest 
Products 


Kiln drying veneers. Veneers and 
wood, U.S.A., Vol. No. September 
1954. 

This article describes detail method 
drying veneers orthodox type 
cross-circulation kiln. The method suit- 
able for veneers which are trimmed size 
and said dry veneers that they 
retain their natural strength, life and flexi- 
bility much better than mechanically dried 
ones. has been claimed that the tensile 
strength veneers dried the cross- 
circulation method 50% greater than that 
veneers dried mechanically. [F.D.C. 
Tech. Bul. No. 


Seasoning 


Rogister, J., and Eeckhout, 
invloed van het stomen het drogen 
van hout. The effect steaming the 
drying wood. Meded. Lab. Houttech- 
nol., Gent (1954). 


The preparation abstracts from world literature many languages highly 
specialized and costly that the Forest Products Research Society has abstracting service 
its own. For the abstracts this issue the JOURNAL the Society indebted 
the respective abstract journals indicated, from which they have been selected with the 
kind permission the editors. Readers wishing information addition that given 
these abstracts should consult the articles referred to. Copies additional 
information can not supplied FPRS the abstract journal. The journals from 
which abstracts are published this issue are follows: 

BULLETIN THE INSTITUTE PAPER CHEMISTRY, published monthly 
Appleton, Wisconsin the Institute Paper Chemistry, subscription price $25 per 
year. This Bulletin publishes over 3,600 abstracts per year subjects interest manu- 
facturers pulp, paper, fiber board and allied products. 

CHEMICAL ABSTRACTS, published semimonthly the American Chemical Society, 
Executive Office—1155 Sixteenth Street, NW, Washington C., subscription price 
$60 per year plus postage. This abstract journal publishes many thousands abstracts 
annually with broad coverage world literature the entire field chemistry and 


allied subjects. 


FORESTRY ABSTRACTS, published quarterly Commonwealth Agricultural Bureaux, 
Farnham, Royal, England, subscription price $8.40 per year. The abstracts are prepared 
the Commonwealth Forestry Bureau, Oxford, England, and include Forest Products 
and Utilization section. This section contains about 1,200 titles and abstracts per year from 
literature some languages, covers all aspects forest utilization. 

TECHNICAL BULLETIN THE FURNITURE DEVELOPMENT COUNCIL 
published bimonthly the Council Adelphi Terrace, London England. 
The Technical Bulletin publishes hundreds abstracts and reviews from world literature 
annually, relating the various phases the furniture manufacturing industry. Subscrip- 


tion price per year. 


Summarizes literature the effect 
steaming the physical 
properties wood, and its advantages 
ments specimens poplar was found 
that steaming only very slightly reduced 
the time needed for air kiln drying and 
would economically justifiable 
where sterilization, change colour 
softening the wood required. Results 
are given graphs. [For. Abs. 16, 
No. 


Tests the effect air speeds 
Prod. Res. Lond. 1953, 1954 

The effect air speeds 
humidity (r.h.) the drying rate 
ples the air-inlet pile was 
vestigated, using 
schedule with humidities 
mended for Beech. The fan was 
through the 1-in. air spaces. Drying 
show that the times taken dry 12% 
m.c. were and days 
Air speed had its greatest effect 
rate during the relatively free-drying 
when the wood was green; from 
down, when the transfusion rate through 
the wood became the main factor 
mining drying rate, the effect was smull. 
fourth run was carried out with air 
speed ft./sec. and air ad- 
justed produce virtually the same 
rate that previously produced with 
air speed 1114 ft./sec. This 
done applying humidities some 10-15% 
lower during the early stages and approxi- 
mately similar humidities after the m.c. had 
fallen about 45%. These results tend 
confirm the view that increased air speed 
reduces the thickness the film cooler, 
more humid, air that tends accumulate 
over the surfaces relatively free drying 
material and effect reduces the surface 
air humidity. relationship between air 
speeds and the r.h. the incoming air was 
also established for particular set con- 
ditions. Further series tests designed 
determine the influence air speed the 
drying rates other species and the 
drying lag across wide pile are prog- 
ress. [For. Abs. 16, No. 


Heating 


Mann, Heat processing combusti- 
ble material. Mech. Eng. 77, (3):219-22 
(March, 1955). 

processing techniques achieving exceedingly 
high rates heat transfer with combusti- 
ble materials such paper products, tex- 
tiles, and plastics, 
plications drying the adhesive 
gummed paper and paper laminations, 
and the use unit radiant burners for 
bookbinding, paper and board and 
the drying ink high-speed 
printing presses are listed. [Bul. Pap. Chem. 
25, No. 


Preservation 


Blohm, L., Tarplee, M., and 
maintenance? and Gas Journal, 
Okla. (36), 1954. 

Presents the first results studies the 
Tower Institute, 103 cooling 
the Gulf Coast area, showing 
wood deterioration. Preliminary conclu 
are that: (1) suitable water can 
prevent excessive chemical tion 
while minimizing the possibility 
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infection; (2) the prevalence decay 
not such justify the use treated 
wood cooling towers; (3) high tempera- 
ture intensifies surface attacks; (4) proper 
control and temperature inlet wa- 
ter the wood loss from chemical 
attack minimum, the opti- 
No. 

Hicock, W., and Olson, 
wood simple methods. 
Bul. Conn. Agric. Exp. Sta. No. 581, 1954. 

Reviews work done the station over 
years the treatment fence 
posts several processes: open tank using 
creosote; cold soaking with oil- 
and several sap-stream processes for 
treating green, posts and poles 
with [For Abs. 16, No. 


Pathology 


Tuovinen, Arno. Damage birch- and 
aspenwood. Paperi Puu 37, (2) 1955. 
{In English summary} 

Discoloration and storage decay birch 
(I) and aspen (II), the factors which exert 
influence, and possible preventive meas- 
ures are discussed with reference certain 
pertinent literature, the work Bjérk- 
man Sweden particular. barked 
unbarked condition does not decay ap- 
preciably within the first year storage, 
logs show significant 
decay unless appropriate care taken 
season the timber sufficiently. Unbarked (1) 
logs show deterioration (discoloration) ex- 
tending about 0.5 from both ends within 
single summer; fully barked and 
barked trees show immediate deterioration 
along the entire length the log. Logs cut 
spring are more affected decay than 
those felled July-August; September fel- 
lings again give poorer results. (II) logs 
decay smaller scale than and the 
damage does not extend the heartwood. 
Polyporus zonatus aggressive) and 
Stereum purpureum have been found 
the most important storage-decay fungi at- 
tacking both (I) and (II), although there 
are also several others. All them cause 
so-called white rot; the fungi consume lig- 
nin and not cellulose. spraying (II) 
with various chemicals has been found 
possible retard the rate decay 
storage certain extent, although can- 
not completely prevented. Coating the 
log ends the forest with preservative 
called Antrosit given still better 
results. laboratory experiments very good 
results preventing waterlogging were ob- 
tained with preparation called Basilium, 
used either alone together with Modo- 
coll Experiments made with some other 
agents, such Timmercuprinol, have like- 
positive results. [Bul. Pap. 
Chem. 25, No. 


Narayanamurti, D., and George, Joseph. 
Studies the bio-chemistry wood- 
rotting fungi. Part Enzymatically liber- 
ated lignin and its applications. Compo- 

has previously been found that fungus- 
attacked sawdust can molded under heat 
and pressure give products satisfac- 
tory strength and water resistance. num- 


ber fungus-attacked woods and bamboo 


were analyzed for ether, alcohol-benzene, 
and hot-water extractives, pentosans, lignin, 
cellulose, and ash, and the results are pre- 
sented tabular form. Since possible 
that the lignin activated the decaying 
Process, longleaf pine shavings and sawdust 
decayed Lenzites saepiaria under 
controlled conditions for 8-12 months, re- 
and analyzed above. Extrac- 
probably the liberation de- 
some lignin and the lig- 


nin content, whereas cellulose 
and pentosan contents were found de- 
crease. spite the apparent increase 
lignin content, loss lignin also oc- 
curred, indicating that the fungus attacked 
portion it. After months, the saw- 
dust was practically free cellulose and 
contained nearly all However, 
whereas the native lignin isolated from the 
sound wood had methoxyl content 
16.26%, that the decayed wood 
amounted only 10.01%, indicating cer- 
tain degradation the lignin. The decayed 
wood can molded either alone with 
the addition some phenol creosol. The 
addition hemicellulosic material, such 
date-seed powder, improves hardboard 
formation. decayed material, 
powdered state, left over, loses its 
moldability; this probably due oxida- 
tion the highly reactive lignin air 
loss volatile reactive constituents. 
Pap. Chem. 25, No. 


Gluing 


Sauer, Uber das verhalten der Bin- 
dung von Holzleimen bei Dauerbean- 
spruchung. [Behaviour the wood-glue 
bond during continuous stress.} 
(97), 1954. 

Discusses different current methods 
determining the fatigue breakdown glue- 
lines under oscillating load, and describes 
new method whereby test piece con- 
sisting two end-grain-glued halves 
8.5 1.0 1.0-cm. stick 
horizontally, one end being inserted into 
rotating chuck, and the other end loaded 
with weight suspended from ball-race 
that the motion not transmitted the 
weight. Two variants the testing proce- 
dure are described, and results num- 
ber tests with casein, urea-formaldehyde, 
and ordinary bone glue are given. Bone 
glue seems withstand the fatigue test 
exceptionally well, and values nearly 
high are obtained for casein glue. The 
graph obtained for the synthetic-resin glue 
mix used shows greater drop strength. 
Abs. 16, No. 


Strength Properties 


The effect temperature 
strength timber. Rep. For. Prod. Res. 
Bd., Lond. 1953, 1954 (18). 

Tests made Basswood [Tilia ameri- 
ture range and m.c. range 
from green, indicate that all m.c.s 
any increase the temperature the wood 
above normal atmospheric temperature 
accompanied decrease the maximum 
crushing strength and the modulus elas- 
ticity. The 
ship approximately linear over the range 
investigated. The decrease strength varied 
from 0.75% 1.14% its value nor- 
mal temperatures for each increase, de- 
pending the m.c. the material. 
given m.c. the effect temperature 
maximum crushing strength general 
proportional the sp. gr. The method 
controlling the temperature the time 
test while preventing any change 
and method testing the effect tem- 
perature strength Basswood tension 
are described. The latter test showed 


linear decrease strength with increasing 
wood temperature. [For. Abs. 16, No. 


Lumber Grading 


Krueger, E., Zivnuska, A., and 
Grah, Lumber grade recovery from 
second-growth Pine operation Cali- 
fornia. Hilgardia, Berkeley, Calif. (10), 
1953. 

Results are given graphs and tables 
showing grade recovery, overrun and un- 
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derrun and sawing time for logs from 
young trees essentially even-aged stands 
medium elevations. system log 
grades for second-growth Ponderosa Pine 
given. [For. Abs. 16, No. 


Machining 


Planing research. Rep. For. Prod. Res. 
Bd., Lond. 1953, 1954 (19-21). 

Results date tests Agba and 
Beech indicate that net power demand 
not directly proportional the feed speed, 
its rate increase lessening slightly with 
the latter. This effect becomes more 
noticeable when the cutting angle re- 
duced and considerably power 
required. For given cutting angle, spindle 
speed, and feed speed, has also been 
found that less power required when the 
number knives cut reduced. 
tests Beech, with 30° cutting angle, 
spindle speed 4000 rev./min., and feed 
speed ft./min., the net power was re- 
duced 25% and more than 50% 
using and knives respectively instead 
and about 37% with knives in- 
stead [For. Abs. 16, No. 


Kivimaa, E., and Kovanen, Vaneri- 
sorvin terien mikroteroituksesta. Micro- 
sharpening veneer lathe knives. Tied. 
Valt, tekn. Tutkimusl. No. 126, 1953. 

Discusses the possibility eliminating 
the microscopic fractures that tend occur 
the cutting edge, following the grind- 
ing proper final sharpening, called 
microsharpening, applied only the 
cutting edge. Test cutting veneer from 
Birch showed that the appropriate microlip 
{sharpness} angle should 
about 27° and the width the micro- 
bevel 0.1 0.2 mm. The side which 
the knife was honed made significant 
difference veneer quality. This was 
found depend number factors, 
which nosebar pressure alone has far 
been studied. Best results were obtained 
with nosebar pressure 17.5%. [For. 
Abs. 16, No. 


Micro surfacer. Buss Machine Works, 

This machine originally designed for 
planing rubber floor tiles, will plane very 
thin, flexible materials such hardboard 
and related materials, very close limits. 
has six-knife cutter head which fitted 
with Carboloy knives and runs 4500 
rpm. that the knives may ground 
without being removed from the head, the 
machine fitted with built-in grinding 
unit. 

Stock fed past the cutterhead four 
feed rolls. The top rolls are rubber-covered 
and the lower rolls ground and chromium- 
plated. the material fed past the cut- 
terhead, rigidly held down against the 
lifting action the knives vacuum 
work platen. claimed that results are 
better than those obtained sanding. The 


Safety 


Murgatroyd, Electrical safety fac- 
tories. Pulp Paper Mag. Can. 55, no. 13: 
288, 290-6 (Dec., 1954). 

The author discusses the various phases 
safety dealing with electrical equip- 
ment factories, including accepted meth- 
ods artificial respiration, elements which 
determine severity shock, safe supplies, 
earthing metal casings, fuses wires, ex- 
plosive and flammable surroundings, fire 
precautions, portable tools, isolation ap- 
paratus, electrical testing and welding, per- 
mits, and contact with overhead lines. [Bul. 
Pap. Chem. 25, No. 
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Review Recent FPRS Section Meeting Papers 


Seasoning Degrade Outside 
the Kiln 


Prof. Harry Rich, University 
Massachusetts, Ambherst. Northeast 
Section Meeting, FPRS, Nov. 4-5, 
1954, New York City. 


Statistics show that over per cent 
all lumber distributed through 
retail yards. Those familiar with this 
outlet are astonished the seasoning 
degrade that evident. 


Improperly manufactured lumber 
may result seasoning distortions 
fabricated parts, rejected material, in- 
efficient production, and loss 
business. 


Lag Between Seasoning Research 
and Application 


There vast amount informa- 
tion this subject but not being 
used sufficiently. disappointing 
realize the extent which wood gives 
way substitutes because the compli- 
cated relationships between wood sub- 
stances and moisture are not generally 
understood. 


true that wood has compli- 
cated structure and wonder 
that technologists sometimes hesitate 
discuss fundamentals wood struc- 
ture. Therefore the listener reader 
told rather than why. His natu- 
ral curiosity not satisfied and later 
forgets misinterprets. leaves 
lumber piles uncovered because has 
never had thorough explanation 
equilibrium moisture content. has 
never been told that wood always 
the move. 


Without understanding struc- 
ture, his conclusions regarding distor- 
tion finished parts may nebulous 
mistaken. Also, many workmen 
the plant have not had opportunity 
many instances keep abreast 
technological advances wood use. 


Need for Specialized Adult 
Education 


Technical schools 
must concerned primarily with fun- 
damentals. Develop student’s imagi- 
nation, provide incentive, give him en- 
couragement and the available tools 
learning, and can adapt himself 
the field for which trained. How- 
ever, these schools cannot present 
turn out trained men sufficient num- 
bers meet requirements the 
wood-using industry. 

There solution. FPRS meetings 
help, but these alone are inadequate. 
Every woodworking establishment has 
men mentally alert and possessing the 
ability and incentive absorb techni- 
cal knowledge. Training programs, 


whether called seasoning clinics 
demonstrations, whether for few 
days two weeks longer, should 
made available. 


Qualified personnel from 
products laboratories, forestry schools, 
and other organizations can de- 
pended cooperate such ef- 
forts. Short courses can help mini- 
mize the lag between research wood 
seasoning and its application. 


Utilization Waste Wood 


Preuss, Training Coordi- 
nator, Fibreboard Products, Inc., 
San Francisco, Calif. Northern Cali- 
fornia Section Meeting, FPRS, Sept. 
30, 1954, Scotia, Calif. 

One the largest users wood 
the pulp and paper industry. Their 
investments are large and they are en- 
tirely dependent upon perpetual sup- 
ply wood raw material. The 
fact that the industry now able 
use what was formerly termed mill 
waste one the great conservation 
stories the decade. 


Approximately 3000 tons wood 
fiber are converted every hours 
the major kraft mills the North- 
west. About one-fourth the wood 
needs are chips converted from bark- 
free edgings, trim, slabs, and plywood 
tailings. This could interpreted 
saving nearly 10,000 acres virgin 
timber each year. 

all our wood needs are pro- 
vided chips purchased 
wood and sawmills. Over-mature stock 
utilized and leaves room for young 
growing stock. With population 
million expected 1980, 
incumbent that maximum yields 
obtained from commercial forest lands. 
Any stem not putting increment 
should go. 

mature timber, another source wood 
raw material for our kraft mill 
trim ends and peeler cores from plan- 
ing mills and box factories. These 
“blocks” created disposal problem 
before were able use this type 
mill waste. 


Recovery Chemical 


important phase utilization 
the recovery the chemical after 
pulping. After the washed, the 
lignin solution washed out concen- 
trated multiple effect evaporators 
per cent solids. This further con- 
centrated per cent solids 
flue gases. This thick viscous* liquor, 
which resemables fuel oil, fired into 
furnace where the organics burn and 
the inorganic chemical fuses and runs 
out the bottom the furnace like 


molten metal. burning this liquor 
and burning the bark from the logs 
separate furnace, more than half 
the steam for the plant 


The molten chemical, after dissoly- 
ing, treated with lime. After 
ing the lime, the solution ready for 
cooking more wood. The lime turn 
washed clean all soda and sent 
through rotary kiln where 
used revivify the liquor from the 
furnace. 


Chemistry and Forest Products 


Dr. George Brother, 
Engineer, Noyo Chemical and iber 
Division, Union Lumber Co., 
Bragg, Calif. 

The 
tion the 
ence 
the 
ment efficient 
utilization for- 
est producis 
not new. How- 
ever, with 

better understanding fundamentals, 
and new theories molecular struc- 
ture, developments are anticipated that 
will profoundly affect not only the 
forest products industries but the en- 
tire economy well. 


modern times cellulose has been 
the most important chemical derived 
from forest products. Its production 
the basis for the pulp and paper in- 
dustry. Wood cellulose also the raw 
material for such important products 
rayon, celluloid, film, lacquers, and 
smokeless powder. Recently was re- 
ported that 
pipe has tested favorably for use with 
products oil refineries. Cellulose 
propionate has also shown promise 
plastic material. There are also in- 
teresting possibilities for the produc- 
tion sugar and ethyl alcohol from 
wood cellulose. 


Lignin available large amounts 
facture but finds much less useful ap- 
plication than cellulose. 
and chemical composition less 
tain. comparatively small 
spruce lignin used for the 
vanillin. Some lignin used 
binder plastics, usually mix ure 
with phenolics, but large amounts are 
dried and burned under steam 
prevent stream pollution. 

Lignin has been extensively ‘ed, 
but only recently has been ted 
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derivatives 2-methoxy-4-propyl 
phen This, coupled with the trend 
model compounds the study 
its structure, holds promise real 
chemistry. this becomes more defi- 


nite. new uses for lignin and its de- 
can anticipated. 


research Douglas-fir 
bark was conducted Kurth and his 
co-workers Oregon State College.? 
process, now being evaluated 
for commercial feasibility, extracts 
Douglas-fir bark good tannin, 
intermediate between beeswax 
and hardness, and flave- 
noid, dihydroquercitin, possible anti- 
pharmaceutical, all good 
yields. This good example the 
possibilities for chemical research into 
forest products. 


attempt has been made men- 
tion all the chemicals produced 
that synthetic organic chemical factory 
—the tree. Many these are pro- 
duced relatively small amounts, 
others have been isolated only the 
laboratory. However, they and 
doubt many others unknown pres- 
ent, present challenge the research 
chemist and chemical engineer find 
ways make them useful prac- 
tical commercial scale. 


The forest products industries have 
the potential become great chemi- 
cal industry similar 
chemical, with the advantage de- 
pending upon renewable raw mate- 
rial. Requirements are simply more ac- 
curate information and data about 
plant chemicals through well planned 
fundamental research and patient, sen- 
sible development from this the 
commercial production useful 
materials. 


Harris, 1955. Highlights the chemis- 


lignin. Forest Products Journal (1): 
26-31. 


1954. Three 
Douglas-fir bark found laboratory. Labora- 


tory Notes No. 10, Oregon Forest Products 
laboratory, Corvallis. 


major 


Cost Drying Lumber 
Small Electric 


LECTRICALLY HEATED lumber kilns 

are manufactured several Euro- 
pean countries. high frequency kiln 
has been operating New England 
since 1950 but development electric 
kilns the United States has been 
slow. 


TVA cooperation with the 
Forest Products Laboratory has inves- 
tigated the feasibility drying lumber 
small wood-using plants with elec- 
trically heated, cross circulation kilns. 
Two such kilns are successfully oper- 
ating commercial basis. One 
located Knoxville, Tenn.,? the other 
Bryson City, These kilns 
were designed meet the needs 
the small shop operators. Kiln build- 
ings and equipment are conven- 
tional design except that drying air 
heated electric fin-strip units and 
humidity provided electric im- 
mersion heaters open water tanks. 


Tennessee kiln—capacity about 
3,500 board feet, dries 
marily for furniture manufacture. Dry- 
ing schedules used are generally mod- 
erate. Most lumber previously air 
seasoned. Based the local rate 
0.6 cents per kilowatt hour for power 
and one dollar per kilowatt de- 
mand, the average drying cost 
charges 4/4 lumber was $9.71 per 
Average moisture content 
ence from beginning end the 
run was 13.4 per cent; average drying 
time, 104 hours. Power was consumed 
the rate 1,121 KWH per MBF; 
Condensation from Technical Note 20, Divi- 


sion Forestry Relations, Tennessee Valley 


Paul Lane. 


drying 
Lumbermen 178:88, 90, 92. 

Paul 1952. small electrically 
heated dry kiln, TVA Division Forestry Rela- 
tions, Technical Note No. 12, Norris, Tennessee. 


Table 1.—ELECTRICAL DRYING COSTS, 4/4 LUMBER 


Moisture Power Heating Costs 
Obser- Content Consumption 
vations Difference per MBF Demand* 

Species Number Per cent Kilowatt Hours Power Dollars Total 
Southern Pine________ 3 17.6 945 5.82 1.83 7.65 
Black Walnut_________ 5 7.3 1,077 6.43 3.00 9.43 
13.5 832 5.05 2.52 7.57 
Beech—-Maple________ 3 13.4 1,326 8.03 3.74 11.77 

ee EE 1 34.2 1,839 11.04 4.97 16.01 
*Prorated basis number like charges possible during 30-day month. 
Table 2.—ELECTRICAL DRYING COSTS, 4/4 LUMBER 
Moisture Power Heating Costs 
Obser- Content Consumption 

vations Difference per MBF Demand* 

Species Number Per cent Kilowatt Hours Power Dollars Total 
Southern ee 12 23.4 523 4.18 1.41 5.59 
Black Walnut... 1 9.9 360 2.88 1.17 4.05 
mee Oak. 2 19.0 524 4.19 1.60 5.79 
22.5 600 4.80 2.08 6.88 


* 


‘orated on basis of number of like loads per 30-day month. 
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Wood Drying Committee Newsletter 


average volume per charge was 2,591 
board feet. The cost range was from 
$5.66 for southern yellow pine (M.C. 
difference 8.0 per cent; drying time 
hours) $16.01 for redgum (M.C. 
difference 34.2 per cent; drying time 
166 hours). Data are summarized 
species Table 

North Carolina kiln—capacity 
about 6,000 board feet. This kiln 
used primarily dry material going 
into interior trim and other millwork. 
Rather severe drying schedules are 
used. Most the lumber cut the 
company sawmill and air seasoned for 
period before entering the kiln. 

Based the local rate 0.8 cents 
per KWH for power and $87.50 per 
month for demand, cost drying six- 
teen 4/4 loads averaged $5.60 per 
MBF. Average moisture content differ- 
ence was 21.9 per cent; average drying 
time, hours. Power consumption 
was 518 KWH per MBF; the average 
load contained 5,432 board feet. The 
range costs was from $2.83 for air- 
dry southern pine $14.85 for green 
southern pine. 

Unit costs are somewhat lower than 
those found the Knoxville kiln even 
though the electricity rates are higher. 
Two factors are responsible. The sched- 
ules applied the lumber loads were 
rather severe. Secondly, the volume 
lumber the kiln was about twice 
that the Knoxville kiln. This not 
only helps reduce the unit demand 
charge through increased monthly pro- 
duction, but also helps reduce the 
kiln wall radiating area per MBF. 
Drying costs are summarized spe- 
cies Table 


Summary 


study electric power and de- 
mand costs for drying 4/4 lumber 
showed averages $9.71 and $5.60 
per MBF two electrically heated 
kilns. The primary factor affecting 
the greater cost was the drying time; 
that affecting the lesser cost was mois- 
ture content difference from beginning 
ending drying. important 
item electrical drying costs the 
demand charge, which varies inversely 
with monthly production. can 
somewhat reduced judicious opera- 
tion. The costs drying with elec- 
tricity are somewhat higher than avail- 
able figures for other methods heat- 
ing, even this area low-cost 
power. 

contrast the rather high cost 
heating with electricity, the elec- 
trical kiln low initial invest- 
ment and low operating expense. 
convenient method drying for the 
small shop operator. 
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FPRS Scoreboard 
(Continued from page 11-A) 


Veazey, representing Inland Empire 
Section; 2nd prize, Don Saunders, 
Northeast Section; and 3rd prize, 
Ivory, Northern California Section. 

The continued efforts all section 
membership chairmen under the ex- 
cellent direction National Member- 
ship Chairman Frank Parrish, plus 
many individual FPRS members, have 
helped the Society grow its present 
size nine short years. However, two 
important decisions passed recently 
the National Executive Board make 
necessary our efforts 
bring new members: the doubled 
number Forest Products Journals 
published beginning January, 
1956 (from six per year twelve), 
and the coming construction 
the new national executive office build- 
ing. These two items alone mean that 
considerable strain will placed 
the finances the FPRS. 

Each can help strengthen the 
position the Society convincing 
friends and acquaintances become 
members our progressive organiza- 
tion. You can help the membership 
committee you will forward names 
prospects either your local sec- 
tion membership chairman direct 
the national office. need your help 
raising the membership rolls 
further heights! 


Mater Engineering Joins 
Supporting Member List 

Mater Engi- 
neering, Corvallis, 
Ore., has become 
ing member, join- 
ing other promi- 
nent forest prod- 
ucts industry firms 
who help the So- 
ciety promote 
the scientific prog- 
ress the industry. 

Mater Engineering was organized 
1954 meet industry demand for 
the consulting services the profes- 
sional engineers the staff the 
Mater Machine Works, manufacturers 
sawmill and other forest products 
machinery. The company specializes 
consulting services sawmill design, 
surveys, mechanization systems, and 
other phases engineering. 

Officers the firm are: Milton 
Mater, registered licensed professional 
mechanical engineer, 
ner; Donald Johnson, forest prod- 
ucts technologist, technical assistant; 
Dr. Jean Mater, forest products chem- 
ist, research and development; Robert 


Mater 
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Staff members Mater Engineering de- 
sign sawmills and mechanization systems, 
and furnish consulting services other en- 
gineering phases. 


Short, chief engineer; Paine, 
registered licensed M.E., machine de- 
sign consultant; Collinsen, regis- 
tered licensed professional M.E., engi- 
neering associate; Ray Shaw, construc- 
tion millwright, field supervisor, asso- 
ciate. The company also has con- 
sulting staff including marketing 
specialist, plywood plant designer, 
civil and electronic engineers, and 
other specialized services. 

the past year Mater Engineering 
has designed six complete sawmills, 
supplying the supervision for building 
four these; has provided engi- 
neering services for mills from Canada 
South America and currently 
working such widespread projects 
small sawmill New Mexico and 
large integrated operation Alaska. 
The company acting consultant 
for large lumber company im- 
prove mechanization and introduce au- 
tomation its operations. number 
surveys and designs for plywood 
marketing surveys for saw- 
mills were made during the year. 

Milton Mater the firm’s desig- 
nated representative FPRS. 

Chairman the Sawmilling Section 
the Logging and Milling Commit- 
tee the FPRS, Mater also mem- 
ber the special sub-committee 
author more than papers 
sawmill modernization related 
subjects. 


INDUSTRY NEWS 


Fellows Elected 


Claire Fellows, Director, Engi- 
neering Laboratory 
Dept., Detroit Edison, Co., was elected 
President the American Society for 
Testing Materials the 58th annual 
meeting the Society Atlantic City 
June More than 2,500 reg- 
istered for the meeting, 


cluded technical sessions and 
700 technical committee meetings. 

testing included “The Influence 
Rate Loading the Strength 
Wood and Woodbase Materials” 
the Forest Products Laboratory, 
They reported series tests utilizing 
two softwood and 
species evaluate the effect rapid 
loading the compressive and flex. 
ural strength properties wood. The 
method testing small clear speci. 
mens timber 143-52). The pro- 
cedures were modified, 
permit faster rates loading 
cial testing machines apply and 
record high rates load 
and deformation the wood 
mens. 


Lake States Marketing 
Research Meeting Held 

Forest products marketing 
men from all parts the Lake States 
region held two-day 
Kawishiwi Experimental Forest, Ely, 
Minn., July. The meeting was 
tor Lake States Forest Experiment 
Station, report status current 
ideas future studies. 

Problems discussed included the ex- 
cess supplies aspen and other hard- 
woods portions the Superior 
National Forest. Marketing research 
the region expected expand 
ing the next several years. Much 
will directed toward seeking better 
outlets for products from low-grade 
hardwoods. 


Tree Farm Area 
Reaches Million Acres 

The American Tree 
has reached 35,396,564 acres, gain 
nearly million acres since Jan. 
according James McClellan, chief 
forester for American Forest Products 
Industries. 

some states, tree farm acreage 
runs above per cent 
owned commercial forest area. The 
owned timberland per cent 
Texas, per cent Washington and 
Oregon. 

Texas continues lead the 
with 3,438,970 acres tree farms. 
Arkansas has climbed ond 
with 3,300,000 acres, 
Oregon, Washington, Florida, and 
Alabama, all above the lion 
mark. 


National Starch Begins 
Research Lab Expansion 


Construction has started 
tion National Starch Products, 
Alexander 
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Plainfield, J., according Frank 
Greenwall, president. Plans for the 
combined laboratory call for one- 
story structure 30,000 square feet, 
located 8-acre tract. 

Greenwall pointed out that the 
new building one step National’s 
announced $3.5 million com- 
expansion program. The 
firm centralize and integrate 
their research, development, 
nical staffs 150 this new center. 


California Lead Nation 
1954 Furniture Sales 

states accounted for more than 
per cent the total furniture busi- 
ness 1954, according the 1955 
Guide recently issued the National 
Association Furniture Manufac- 
turers. The percentage ranged from 
53.6 per cent dining room furni- 
ture 65.6 per cent infants’ and 
juvenile furniture. 

California maintained first place 
total sales through 
with $99 million. New York moved 
vania. These three states combined did 
one-third the total business. 

The annual guide reportedly enables 
NAFM members evaluate past sales 
performances, determines territory po- 
tentials, appraise salesmen’s efficiency, 
and establish effective sales quotas. 


TECHNICAL COUNSEL 


full staff specialists with years experience 
and complete laboratory facilities, ready assist 


every way. 


ENGINEERING SERVICE 


experienced engineering department help 
planning, designing and installing new 
pressure-treating plants; modernizing old plants; 
selecting equipment meet your specific needs. 


WOODTOX Penta Preservative and 


Water Repellent 


clear, clean, non-staining treatment combining 
lus resistance against 
swelling, warping, shrinking and other moisture 
damage. Meets NWMA and Western Pine 
Assoc. preservative standards. 


advantages Penta 
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One-Third New York Land 
Covered Commercial Forests 


More than one-third, approxi- 
mately million acres, New York 
State’s total land area covered with 
commercial forests containing about 
25Y, billion board feet sawtimber, 
Agriculture. Report based sur- 
vey, first intensive one New 
forests, made Northeastern Forest 
Experiment Station cooperation with 
State Conservation Dept. 


Nearly billion board feet 
hardwoods, survey revealed. this, 
9.8 billion northern hardwoods 
such maple, birch, beech, and ash. 
the billion board feet soft- 
wood sawtimber, about 4.6 billion are 
equally divided between hemlock and 


white pine, with remainder spruce 
and fir. 


Producing Hardwood Pulp 


Production 200 tons pulp daily 
the chemigroundwood process 
pulping hardwoods reported the 
Great Northern Paper Co., East Milli- 
nocket, Me. Their new $43 million 
plant expected boost production 
400 tons daily within year. 


WOOD 


handy tiie helps School 
dents and staff members Pennsylvania 
State University Agricultural Experiment Sta- 
tion recognize pieces wood unusual 
appearance and form. Growth irregularities, 
insect damage, and results improper han- 
dling are represented collection built 
over long period. 


The chemigroundwood process was 
developed the State University 
New York College Forestry pro- 
gram supported the Empire State 
Paper Research Associates, Inc. 


PRESERVATIVES 


Most satisfactory and permanent all wood 
preservatives against decay, fungi, termites and 


other wood boring insects. 


Whatever your problem the protection and preser- 
vation forest products, this where you can 
always get the right answers quick! Write phone. 


WOOD TREATING CHEMICALS CO. 


5137 Southwest Avenue 
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St. 10, 


NOXTANE SAP STAIN CONTROL 


Most effective, safe and economical treatment 
made for protection against sap stain fungi. 
Leaves wood bright and clear. Quick solubility, 
dustless, non-irritating. Won’t damage metal 
equipment. 


EQUIPMENT 


Exclusive national sales agents for 
Efurd Machine Welding Com- 
any, builders Hurricane 

ebarkers, Peelers, Framers, 
Incisors, Trams, etc. 


i 
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Pallet Industry Studied 
Twin City Area 


Wooden pallets have created im- 
portant new markets for lower grades 
hardwood lumber the Lake 
sults study being made the 


Lake States Forest Experiment Station, 
St. Paul. 


Among facts already developed, 
has been learned that Twin City firms 
purchased over 80,000 pallets 1954, 
utilizing 2.1 million board feet 
lumber. The market was supplied 
firms, with companies account- 
ing for per cent the total 
production. 

The raw material supply predomi- 
nantly local, with per cent the 
wood originating within 280 miles 
the Minneapolis-St. Paul area. State- 
wise, Wisconsin produced per cent, 
Minnesota, per cent, Michigan 
per cent, and scattered manufacturers 
southern states per cent. 


Orchard Tests Show Wastes Give 
Frost Protection With Less Smoke 


Large-volume use sawmill residues 
for orchard heating may pro- 
vide frost protection without objection- 
able smoke, according preliminary 
tests the Oregon Forest Products 
Laboratory and State Agricultural Ex- 
periment Station. Additional 
and practical field tests are being con- 
tinued, according Laboratory Notes 
published OFPL. 

Several methods burning slabs and 
wood briquets were compared with oil 
heaters separate plots. The 
wood fuels gave good protection 
against frost did oil, according 
Corder, Laboratory engineer. 
Wood fuels have the advantages less 
smoke emission, less capital investment 
burners, and lower fuel cost some 
areas. 


APA Research Fellowship 
Open New York College 


$2,400 research fellowship avail- 
able State University College 
Forestry, Syracuse, for graduate stu- 
dent develop Directory Research 
Growing and Harvesting Pulpwood. 
The grant, 12-month basis, spon- 
sored the American Pulpwood Assoc. 

The directory proposed serve the 
pulpwood industry and public agencies 
reference guide the progress 
experimental work throughout the coun- 
try and medium coordination 
efforts this field. Preference will 
given applicants with industrial experi- 
ence pulpwood forestry who wish 


work for advanced degree 
forest management 

Detailed information available 
from: Graduate Committee, State 
College Forestry, Syracuse 10, 


SHORT COURSES 


State Plans Course 
Statistical Quality Control 


The fourth series short 
courses Statistical Quality Control 
the wood industries will held 
Sept. 12-16 Asheville, In- 
struction will provided the staffs 
the Wood Products Laboratory, 
School Forestry, Dept. Experi- 
mental Statistics, and Dept. Indus- 
trial Engineering State Col- 
lege, and leading quality control 
engineers from wood using industries. 

Special emphasis will given 
such wood processing operations 
milling, gluing, finishing, veneer and 
lumber drying, machining, grading, 
digesting, and paper making. 

Classroom accommoda- 
tions will Bent Creek Ranch, 
near Asheville. Students are invited 
bring their families. Registration fee 
for the five-day course $50 plus 
room and board. Application blanks 
and further information may ob- 
tained from the Extension Division, 
State College, Raleigh. 


Packaging Course Scheduled 
New York University 


three-day course for packaging 
and materials handling engineers will 
held Sept. 19-21 New York 
University College Engineering. 
The course jointly sponsored 
and the Society Industrial 
Packaging and Materials Handling 
Engineers. The society’s annual Indus- 
trial Packaging and Materials Han- 
dling Exposition will held Kings- 
bridge Armory simultaneously with 
the short course. 

Subjects covered will provide in- 
tensive review basic technical prin- 
ciples packaging materials 
handling, survey modern applica- 
tion these principles, summary 
recent developments, and reports 
current research projects. The course 
will also include session interest 
management, pointing out relation 
packaging engineers other de- 
partments. There will also con- 
ference consumer packaging and 
its importance merchandising. 

Registration forms are 
from the national headquarters the 
society, 111 Jackson Blvd., Chi- 
cago 


Alabama Course Stresses 
Improving Pine Lumber Quality 

Improving the quality pine lum. 
ber produced small circular mills was 
discussed recent short course 
sored the Forestry Dept. Alabama 
Polytechnic Inst., Alabama Forest Prod. 
ucts Assoc., and Southern Pine Inspec. 
tion Bureau. 

Forest Products Assoc., spoke the 
importance the small mill lumber 
production. stressed the 
supervising operation smal! mills 
yard and emphasized the 
good milling practices insure quality 
lumber. 

Results study made small 
circular mill were presented Prof. 
trol prevent miscuts the 
and suggested that concentration yard 
operators consider constructing 
charts for small sawmills 
rough, green lumber. 

Chairman FPRS, reported new 
niques available small mill 
improve grade. selecting only 
logs with uniform growth rate for con- 
version into dimension, said, the 
amount cull material can 


NAMES THE NEWS 


Edward Hinken, Washington 
Wood Technologist, Dies Suddenly 


nologist for the Division Industrial 
Research, State College 
ton, Pullman, died June 28. His death 
was attributed heart attack. 

Age 33, Hinken had joined the 
Washington staff less than month 
before his death. went there from 
the Michigan, where had 
just completed work toward his Ph.D. 
degree. 

Hinken’s doctoral dissertation was 
adhesive action wood. had 
devised what Dr. George Marta, 
head the wood technology section 
Washington State, has called ingen- 
ious method for differentiating and 
evaluating precisely the effects sev- 
eral factors involved thick glue 
lines. had developed data sev- 
eral adhesive types and 
would have had ‘ical 
value the wood-using ac- 
cording Dr. Marra. His 
are planning report based his 
accumulated data. 

sented preliminary results his 
sive studies the 1953 
Meeting Memphis. His wor 
Michigan also included studies 
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cular saw blades and abrasive machin- 
ing wood, results which were 
ated the FPRS National Meet- 
ing Grand Rapids 1954. 

was married and the father 
three children. received his B.S. 
from the Washington 1950, 
veteran World War II, served 
the Coast Guard from 


Jenkins Elected 


Col. Jenkins, 
Chief the Forest 
Products Laboratories 
Canada, has been 

Canadian Standards 

Association. His 

the 
ost was sponsored 
Jenkins lumber and tim- 
ber trade associations throughout Can- 
ada. Col. Jenkins the only represent- 
ative the forest-based industries 
elected the C.S.A. board. 

director American Society for 
Testing Materials, Col. Jenkins has 
been chairman the C.S.A. Sectional 
will continue head this 
policy committee, which responsible 
for the direction sub-committees 
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engaged the preparation specifica- 
tions and standards for nearly every 
phase wood utilization. 

Col. Jenkins has served F.P.R.S. 
vice-chairman, chairman, 
chairman the Eastern Canadian Sec- 
tion. His election the 1956-57 Na- 
tional Nominating Committee was an- 
nounced the National Meeting 
Seattle. 


Leslie Sanderson Dies 


Leslie Sanderson, technical rep- 
resentative for American Cyanamid 
Co. the Memphis, Tenn., area, died 
former member FPRS, Sanderson 
previously represented American Cya- 
namid Louisville, Ky. 


James Hamilton Joins 
Michigan College Faculty 


James Hamilton, past president 
FPRS, has been appointed field 
technologist and associate professor 
the forest products research division 
Michigan College Mining and Tech- 
nology, Houghton. charter member 
the Society, Hamilton served 
president 

Hamilton received B.S. degree 
from New York State College For- 


estry and M.F. from Yale University. 
For the past three years has been 
the New England area 
woodworking industry development 
engineer specializing wood particle 
board development for Souhegan Mills 
and Precisionwood Corp. Prof. Hamil- 
ton was also formerly director re- 
search for Bobbin and Shuttle 
Co. and technical service director for 
Perkins Glue Co. 

Author several articles, Hamilton 
has also been active research and 
development projects including resin- 
impregnated, molded, wooden radar- 
domes, molded boat hulls, transmuted 
wood shuttles, and 
blocking board for photo-engravings. 
recent invention his now under 
patent application device for 
measuring the compression resistance 
tubular sections wood, plastics, 
and similar items. 


Thomas Appointed 
National Casein Staff 


Richard Thomas has been appointed 
the laboratory staff the National 
Casein plant, Riverton, Thomas 
graduate Penn State and 
ceived his M.S. Wood Technology 
from North Carolina State College. 


For 


HOT PLATE PRESSES 
are Truly Custom Built 


Perfect plywood requires exacting 
control pressure and temperature 
and rigid frame section. These 
are basic WILLIAMS-WHITE Hot 
Plate Presses. 


See our representative nearest you 
write direct for full informa- 
tion. obligation your part, 
course. 


Representatives: 


ALLIED NORTHWEST MACHINE TOOL CORP. 
Portland, Oregon 


CO., Chicago Office 
Maynard, Manager 
West Jackson 


+ 
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Telford, Sawmill Authority, 
Retires from Forest Products Lab 


Telford, leading authority 
the operation small sawmills, 
retired June after years’ service 
the Forest Products Labora- 
tory, Madison. 

work improved saw- 
milling practices and his understand- 
ing the problems the small mill 
operator have gained national and in- 
ternational recognition, according 
Dr. Hall, laboratory director. 
“His efforts have not only helped small 
mill operators 
lumber, but they have been significant 
factors the reduction mill 
Dr. Hall said. 

Author more than 
tions improving efficiency small 
mills, Telford has conducted sawmill 
demonstrations for thousands oper- 
ators every state the His 
“Small Sawmills: Pocket 
have become the industry. 

highlight his career was direc- 
tion sawmilling activities following 
the 1938 hurricane New England. 
supervised installation small 
mills which salvaged almost 700 mil- 
lion board feet lumber from the 
disaster area. 


James Named Director 
BDSA Forest Products Division 


The appointment Robert 
James, sales manager the American 
Box Board Co. plant, Grand Rapids, 
Mich., director the Forest Prod- 
ucts Division, Business and Defense 
Services Administration, Dept. 
Commerce, was announced 
month BDSA Administrator 
Honeywell. 

Mr. James, loan BDSA, 
serving without compensation from 
the Government under rotation sys- 
tem whereby experienced businessmen 
provide their services for six months 
longer. succeeds Frederick 
Talbot, Jr., the Lumber Division, 
Pope and Talbot, Inc., San Francisco. 
Mr. Talbot has returned his com- 
pany after serving with BDSA since 
January. 

member and former chairman 
the Stock Box Committee the Fold- 
ing Paper Box Assoc., Mr. James 
serving his second year director 
the Folding Paper Box Assoc. 


Zottu Heads Industron Corp. 


Paul Zottu and Bruce Heick 
have joined Industron Corp., Needham, 
Mass., president and chief 
Industron specializes industrial appli- 


36-A 


cation high frequency power and 
manufactures high frequency gluing 
equipment for the 
dustry. 


Ganser Named Research 
Engineer Teco Laboratory 


William Ganser, Jr., has been 
promoted research engineer Tim- 
ber Engineering Co., Washington, 

civil engineering graduate La- 
fayette College, Ganser joined Teco’s 
engineering staff 1949. has en- 
gaged designing and testing timber 
roof trusses and other wood structures. 

Ganser has frequently lectured 
architectural and engineering colleges, 
providing student designers with tech- 
nical data the proper use wood 
light and heavy construction, has 
also contributed numerous articles 
this subject professional and indus- 
trial publications. 


NEW PRODUCTS—LITERATURE 


Nu-Ply Corp. Completing 
New Fiberboard Plant 


Trial runs are expected start 
September new plant Nu-Ply 
Corp., Bemidji, Minn. The plant will 
used for manufacture veneered 
fiberboard for interior applications, 
developed Elmendorf Research, Inc. 

The board made chipped 
northern pulpwood that 
mixed with binder, veneered and 
hydraulically pressed, cured, and 
bilized one operation. Various 
grades will produced meet con- 
sumer demands. 

Machinery and equipment was de- 
signed the Industrial Development 
Co., Tacoma, Wash., and Eggers, 
plant manager. The State Minnesota 
has leased the state-owned pilot plant 
Nu-Ply Corp. develop the new 
product for the purpose expanding 
markets for the state’s resources. 


Rotary Glue Press 


able for use manufacture con- 
structions where quick glue bond 
desirable and structural fea- 
tures dissimilar materials achieve 
sandwich-like laminations are being 
manufactured Black Brothers Co., 
Inc., Mendota, 

The press consists set equal 
diameter power driven rolls between 
which the laminae are under 
pressure form strong bond. Stand- 
ard sizes are made regular produc- 
tion models with roll widths 26, 
32, 38, 44, 50, 56, and inches. 


Smaller widths and intermediate 
are also available. All sizes can 
furnished with air cylinders supply 
pressure with large compression 
springs for lighter operations. 


Hardwood and Brush Control 


Results studies for control un. 
desirable hardwoods and mixed brush 
softwood forests are reported the 
Corp., St. Louis Mo. The data 
presented revised Station Paper No, 
18, available request 
Thompson company. 

William Thompson, 
president, reports the data 
tion four years field in. 
volving thousands plots and 
types chemicals and methods 
plication. The studies were made the 
firm’s research stations and 
Missouri. 


Planer Outfeed Roll Control 


Development de- 
vice for the 
height the top outfeed rolls 
several planer models has been an- 
nounced Buss Machine Works, Hol- 
land, Mich. reported that proper 
setting the roll, using this control, 
also facilitates feeding 
through the machine. 

The device, located the rear 
the machine, consists handwheel 
made integral with graduated dial, 
the dial passing pointer the hand- 
wheel revolved either direction 
raise lower the roll. arrow 
the back the machine shows which 
way turn the handwheel lift the 
roll. 


Humidification Bulletin 


new 8-page illustrated 
cation control bulletin prepared 
cially for the 
tries has been issued Armstrong 
Machine Works, Three Rivers, Mich. 
Free copies the bulletin, No. 505, 
are available request. 

Information included changes 
woodworking 
have increased the need for 
cation, effects relative humidity 
woods, recommended EMC and 
for furniture and cabinet in- 
terior and exterior millwork, 
hardboards, urea resin glues, 
gluing, high temperature drying, ind 
sandpaper storage rooms. 

steam humidifier will 
the Armstrong firm the 
Supply, Equipment and Fabric 
Chicago August 28-Sept. 
representatives will present 
swer specific questions 
problems. 
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Fire Watcher 
Timber Lands 

The piercing eye television 
now used protect national 
preserves from fire. 

mounted 
towers deep the forests, 

roun areas back forest head- 
the rangers can spot 
soon they start. The device 
was Raytheon Manu- 
Co. recent convention 
Forestry Conservation Commu- 
Assoc. 

beam carries the pic- 
ture the camera the tower 
the forest headquarters. The cameras 
rotate continuously, but may 
stopped, started, reversed remote 
control. each camera rotates, 
records not only the forest scenery but 
azimuth scale the glass dome. 
forest fire spotted, the camera 
can stopped and the bearing noted. 
With two more bearings, the loca- 
tion the fire easily pinpointed 
map. 


Bulletin Describes Flame Test 
for Pentachlorphenol Wood 


Measuring the penetration pen- 
tachlorophenol wood reported ex- 
tremely simple and accurate through 
recent modifications the Beilstein 
Test. The procedure described 
new technical newsletter, No. 15, is- 
sued Chapman Chemical Co., Mem- 
phis Tenn. 

The modified test claimed have 
these advantages: extremely sensi- 
tive; requires simple and inexpensive 
apparatus; flexible enough fit 
ence pentachlorphenol, not the 
carrier; independent moisture 
wood; and adaptable both field 
and laboratory testing conditions. 


New Plastic-Overlaid 
Plywood Developed 


new development fusing plastic 
suitable for many exterior and interior 
applications. This plastic surface, called 
supplied plywood mills 
Corp., San Fran- 
cisco. 

the mills the Crezon bonded 
the plywood under intense heat and 
give tough, smooth, 
weather-resistant surface. The finished 
product can worked with conven- 
tional woodworking tools and equip- 
ment 

Acvantages reported for the board 
are: resists checking, even under ex- 
weather conditions; takes paint 
holds longer; easy work 
with resists splintering; saves 
costs; strong but light weight; 
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eliminates need for sheathing when 
used exterior siding. 


Electronically Welded Nylon 
and Vinyl Plastic Material 


Strength, Inc., Somerville, J., 
announces production new line 
tarpaulins and tents, with seams elec- 
tronically welded and sewn. The 
line made from new 
light-weight material incorporating use 
nylon and vinyl plastic film. Re- 
ported features include good tear 
strength, waterproof, mildew-proof, 
and sun-fast colors. 

The new sealing and sewing com- 
bination claimed have given the 
same strength seams the mate- 
The products are used the 
transportation industry, contractors, 
and outdoor equipment suppliers. 


Cross section Hog showing 

how fast-revolving chisel-edge hammers 
reduce wood impact until properly 
sized pass through grate bottom 
machine. 


.2714 9th ST., 
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NEW PUBLICATIONS 


The Chemical Nature the Ace- 
tone Extractive Western Red 
Gardner. Reprint from Pulp and Paper 
Magazine Canada. Forest Products 
Laboratories Canada. Study con- 
firmed high extractive content west- 
ern red cedar heartwood and examined 
nature extractives. Significance 
presence various compounds briefly 
discussed. 


Streaky Red Heart Douglas Fir. 
Its Significance Relation In- 
cipient Decay and Strength Proper- 
ties. Eades and Alexan- 
der. Bull. 113. Forestry Branch, Dept. 
Northern Affairs and National Re- 
sources, Canada. Research Vancouver 


Waste wood, automatically conveyed and hogged Williams 
equipment, reduces disposal costs 75%! One man can 
handle much tonnage chips three men can handle 
awkward pieces and lengths. 


used for fuel, scrap wood hogged Williams completely 
combustible, yields maximum BTU’s, gives 100% heating 
value. Unhogged scrap restricts air flow, 
smothers the fire, causes excessive smoke. 


sold chip form chip board manufacturers, wood refuse 
processed Hog becomes top quality product, 
uniformly ground and sized, and commanding highest prices. 


burns unevenly, 


Complete Brochure 
Request— 
Write For 


WILLIAMS PATENT CRUSHER PULVERIZER CO. 


St. Louis 6, Mo. 


WILLIAMS LINE COMPLETE: Hogs, Grinders Shredders 
Vibrating Screens Air Mechanical Separators Heavy Duty Fans Cyclone Collectors 
LLIAM 
OLDEST AND LARGEST MANUFACTURER HAMMER MILLS THE WORLD 


Laboratory Forest Products Lab- 
oratories revealed that 
“streaky red heart” not indication 
decay and that strength timbers 
was unimpaired. 


The Defense Materials System 
Our American Industry. Supt. 
Documents, Govt. Printing Office, 
Washington 25, $.25. Handbook 
Business and Defense Services Ad- 
ministration, Dept. Commerce, 
arranged handy reference the 
general rules applicable defense con- 
tract operations. Essential points De- 
fense Materials System precede detailed 
description and instructions for defense 
contractors. 


Directory Commercial and Col- 
lege Testing Laboratories. American 
Society for Testing Materials, Philadel- 
phia, Pa. $1. Successor similar pub- 
lication formerly published the Na- 
tional Bureau Standards, directory 
lists locations testing laboratories 
equipped and prepared undertake 
testing commercial basis. Data 
given concerning 278 commercial lab- 
oratories and their 151 branches, plus 
laboratories colleges prepared 
testing under certain conditions. 


Comparative Costs Walls, Par- 
titions, and Roofs for School Build- 
ings. National Lumber Manufactur- 
ers Assoc., Washington 28- 
page illustrated report enables school 
authorities any locality calculate 
current relative costs lumber and 
other representative kinds construc- 
tion. Economies lumber and wood 
product construction shown the find- 


ings range from significant 
tacular. 


Pulpwood Industry Facts. Ameri- 
can Forest Products Industries, Inc., 
Washington 


Kiln-Drying Green Eastern Cot- 
tonwood. Walters. Forestry 
Note 53. Illinois Agricultural Experi- 
ment Station, Urbana, 


Dielectric Heating for Setting Ad- 
hesives. Information Report 11. Fur- 
niture Development Council, Adel- 
phi Terrace, London England. 
$1. Handbook collected data ap- 
plication dielectric heating furni- 
ture industry. 


The Effect Moisture Content 
the Resistance Withdrawal 
Dowel Inserted End Grain. Fur- 
niture Development Council, Adel- 
phi Terrace, London England. 
Student research study 
effect moisture contents block and 


dowel may not important be- 
lieved. Test pieces made with animal 
glue and conditioned 12% and 
all test pieces made with synthetic ad- 
hesives show relation between mois- 
ture content Further 
work required, report suggests. 


Effectiveness Underlayment 
Nails. George Stern. Virginia 
Polytechnic Institute. Wood Research 
Laboratory Bull. No. 18. 


Effectiveness Nails vs. Staples 
for Fastening Insulating Sheathing. 
George Virginia Polytechnic 
Institute. Wood Research Laboratory 
Bull. No. 19. 


Forest and Forest Product Statis- 
tics, 1955 amendments. Bul. 106, 
Canada Department Northern Affairs 
and National Resources, Ottawa, On- 
tario. 


How Estimate the Output 
Slabs Small Pine Sawmills. Re- 
search Note 79, Southeastern Forest 
Experiment Station, Asheville, 


17-Year Trends Timber Vol- 
ume the Northern Coastal Plains 
North Carolina. Research Note 
80, Southeastern Forest Experiment 
Station, Asheville, 


The Taylor Pulpwood Dream. 
Equipment Handbook Release 220, 
American Pulpwood Assoc., 220 
42nd St., New York 17, De- 
scribes new type loader for transfer- 
ring pulpwood from trucks rack 
cars and storage. Loader incorporates 
some features crane and some 
lift truck. 


PMC Bolt-Length Gauge. Equip- 
ment Handbook Release 227, Ameri- 
can Pulpwood Assoc., 220 42nd St., 
New York 17, Princeton Manu- 
facturing Co. has re-designed measur- 
ing rod attachment for use chain 
saws. Attachments have been designed 
fit most models saws. 


Burnt River Mechanical Debarker. 
Equipment Handbook Release 226, 
American Pulpwood Assoc., 220 
42nd St., New York 17, De- 
scribes machine which removes bark 
combining action four rotary 
heads which break and re- 
move most bark, and two rotary 
wire brushes which remove any 
maining bark patches and cambium. 


Logging Time and Cost Af- 
fected Width Cutting Strip 
and Slope. Charles Boldt and 
Carl Newport. Research Note 
School Forestry and Range Man- 
agement, Co'orado and College, 
Fort Collins, 


Tree Grades and Economic Ma. 
turity for some Appalachian 
woods. Robert Campbell. Station 
Paper 53, Southeastern Forest 
ment Station, Asheville, Traces 
the development hardwood 
grading from its origin Lake States 
its present stage refinement 
Appalachians. contribution 
synthesizing grade yields, and 
ity index values for whole trees from 
those graded butt and upper logs 
also summarized. 


Logging Waste Eastern Canada. 
Doyle. Forestry Branch Bull. 
115, Department Northern 
and National Resources, Ottawa, Can- 
ada. Surveys were carried out de- 
termine amount and character log- 
ging waste. Logging residue 
usable size and form was 
and classified. 


Hickory for Veneer and 
John Lutz. Hickory Task Re- 
port Southeastern Forest Experi- 
ment Station, Asheville, the 
Forest Products Laboratory. 
hickory, sweet pecan, and bitter 
pecan logs were rotary cut and 
ory logs were sliced into veneer. Data 
are given describing quality test 
logs, heating bolts and flitches for 
cutting, lathe settings, 
ules, and veneer yields. 
ties and potential uses hickory ve- 
neer and plywood are discussed. 


Publications. Organization for 
European Economic Co-operation. 
O.E.E.C. Mission, Publications Office, 
Suite 61, 2002 St. N.W., Washing- 
ton 


Chemical Debarking Trees. 
Training Guide American Pulp- 
wood Assoc., 220 42nd St., New 
York 17, 35¢ members; 50¢ 
non-members. Practical guide 
safe, effective procedures 
chemicals facilitate bark removal. 
Discusses chemical 
portance and technique; demonstra- 
tion techniques the field; and 
crew chief training. 


Chemical Debarkers’ Note Book. 
American Pulpwood Assoc., 220 
42nd St., New York 17, 15¢ 
members; 25¢ non-members. Sum- 
treating process, use 
equipment, safety practices. 


5-T Better than Girdling for 
Killing Trees. Station Note 88, 
tral States Forest Experiment 
Columbus, Ohio. 


List Publications. Central 
Forest Experiment Station, 
Ohio. 
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following publications are 
available from the Forest Prod- 
ucts Madison Wis. 


Condensation Problems Mod- 
ern Buildings. Report 1196. 


Remedial Measures for Building 
Difficulties. 
Report 1710. 


Covdensation and Decay Preven- 
tion Basementless Houses. 
2010. 


Gluing Characteristics Chinqua- 
California Laurel, Ma- 
drone. Olson. Report 2030. 
results tests determine 
whether the four species can sat- 
isfactorily glued with casein, starch, 
animal, urea, and resorcinol glues. 


Synthetic-Resin Glues. Report 
1336. Summarizes general properties 
and use characteristics each 
woodworking glues and reviews glu- 
ing processes used with these glues. 


Properties White-Pocket Doug- 
Lumber. Lyman Wood. 
Report 2017. Presents results 
strength studies; data are given 
strength, stiffness, and shock resist- 
ance. 


Wood Hydrolyisis for Sugar Pro- 
duction. Lloyd and Har- 
Report 2029. Describes methods 
and economics producing sugars, 
molasses, and chemicals from wood 
residues. 


Decay and Permeability Tests 
Sheet Materials Used Soil Covers 
Basementless Houses. Moses. 
Report 2007. Presents results 
tests compare some properties 
sheet materials such roll roof- 
ing, asbestos felt, and asphalt 
laminates. 


MINE SAFET 
CO. 
Everywhere 
Home Pittsburgh Pa. 
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Experiments the Manufacture 


Newsprint from Cottonwood and 


and Schafer. Report 2028. 


Blood Albumin Glues: Their Man- 
ufacture, Preparation, and Applica- 
tion. Report 281-2. Revision 
earlier report that 
sults years’ experimentation. 
Contains formulas for various glues 
and describes most efficient methods 
application and pressing. 


Drying and Conditioning Glued 
Joints. Report 475. Presents most 
efficient procedures for drying thick 
stock well plywood insure 
strong joints and prevent warp- 
ing, checking, and other defects. 


Fabrication Wood Products 
Small Sawmills and Woodworking 
Plants. Report 1666-8. Suggests 
products that could manufactured 
small plants and describing equip- 
ment requirements. 


Wood Residues Compression- 
Molded and Extruded Products. Paul 
Bois. Report 1666-7. Describes use 
wood pulps, fibers, chips, com- 
bined with binders and resins 
form boards and other products. 


Properties Insulating Fiber- 
board Sheathing. Luxford. Re- 
port 2032. Presents results tests 
different insulation boards 
determine bending strength, 
withdrawal resistance, linear expan- 


BLACK BROTHERS have built 


more resilient roll glue spreaders 
during the past fifteen years than 
all other manufacturers. 


Unmatched speed, economy, accuracy, cleanliness and quality 
the No. 22D Ball Bearing, Resilient Roll Spreader far the finest glue spread- 
available for resins, caseins, and other cold glues. Gluing rolls are deeply 
covered with the fine synthetic rubber, and are specially grooved control the 
amount glue deposited and conform irregularities the stock. Water 
cooled doctor rolls are available for use with quick setting glues. Accurate, 
heavy duty ball bearings are sealed keep lubricants in, and dirt and glue out. 
Doctor rolls are heavily coated with highly polished, nonferrous surface 
accurately control the glue spread. Investigate the 22D Spreader today... 
write for supplement Bulletin 11-A. 
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Save time! True lumber 
cut perfect glue joints with this 


port 
“OLIVER” 
tree. 
Swe 
Production men leading woodworking plants like woo 
heavy “Oliver” Jointer. makes easy work Scha 
long and short pieces stock. The table adjustable ‘or 
NERAL ELECTRIC COMPANY, Wabash, cut. Ball bearing cylinder has 5-inch cutting diam: men 
have had very nd. —three four knives. Smooth acting mechanical serv: 
results with cuts current and stops cylinder quickly. Fence adjusta woo 
across table from square 45°. Four sizes: 12”, 16”, 
30”. Write for Bulletin No. 166. 
Oliver also makes heavy-type Jointers 
Ter 
OLIVER MACHINERY COMPANY 
years and the Established 1890 GRAND RAPIDS MICHIGAN 
been entirely Plant Manager 
them has M. Grimweo? <a mer 
tive 
MEYCO CONTROLLED CUT 
CARBIDE TIPPED 
SAFETY 
STERLING PRODUCTS The latest addition the famous 
Brooklyn, MEYCO line precision cutting 
“The performance our Standard kilns, tools. This new controlled cut, 
The satisfactory.” carbide tipped safety saw has 
five years ago, has Kirkpatrick many advantages: It’s SAFE: 
not pull hand into the blade, will 
not grab and kick-back 


work. It’s ECONOMICAL: 
costs less buy, 
life between grinds; 
smoother, longer. 
CONTROLLED CUT 
regulates rate feed, 
sures clean cut; makes 
chips instead saw 
Available leading 
supply and hardware 
houses, direct from 
tive literature and 
Ask for Catalog No. 
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sion, water absorption, and thermal 
conductivity. 
Derection Figured Wood 


ort Discusses possibilities 


and identifying figured 


wood such curly grain black 


and bird’s eye sugar ma- 
ple, damaging the standing 
tree. 


Joint under Lateral Load. Re- 


ort Presents theoretical 
for determining allowable 
latera! load joint having single 
nail or bolt. 


Grinding Pretreated Hardwoods: 
Experiments Quaking Aspen, 
Red Alder, Black Tupelo, 
Sugar Maple, Red Oak, and Cotton- 
wood. Axel Hyttinen and 
Schafer. No. 2015. March 1955. Studies 
included both mild and severe 
ments with neutral sulfite solutions. Ob- 
servations were made the different 
woods regarding the effects the 
treatments their grinding character- 
istics, pulp and use sev- 
eral kinds paper. 


Wood-Sensing Element for 
Tension-Type Hygrostats Used 
Near-Saturation 
Scheffer and Earl Collins. No. 2026. 
March 1955. Hygroscopic wood ele- 
ment proved durable and sensi- 
tive moisture changes relative 
humidities per cent above, and 
can used tension type hygrostat. 


Use Hardwoods the Manu- 
facture Newsprint. Chides- 
ter. No. 2027. March 1955. 


EMPLOYMENT SERVICE 


Postions Offered 


No. 183—National sales manager 
wanted. Midwest corporation seeks 
man manage sales executive 
capacity for full line hardwood 
veneered boards. Must have wide ex- 
perience plywood sales. Daily pro- 
duction about carloads. 


tion open well-rated Metropolitan 
New York area firm, selling hardwood 
lumber and dimension and hardwood 
plywood furniture plants, industries 
and yards Northeast. Utilization 
wood technology degree and sales ex- 
preferred. 


No. 185—Glue company seeks 
for the territory 
consisting Southern Indiana, South- 
Ohio, Kentucky, Eastern Tennes- 
see, and West Virginia. Prefer young 
man area who knows woodworking 


trade and has some knowledge 
wood 


No. 189—Man wanted with tech- 
nical knowledge and experience 
millwork industry and administrative 
ability handle 
job with large West Coast Millwork 
Association. 


No. 195—Plant manager wanted 
for hardwood products mill employing 
150 located Maine. Production man- 
agement and bolt sawmill experience 
necessary. Comprehensive group insur- 
ance and paid vacations. Write full 
particulars background and experi- 
ence. 


No. 197—Wood products pilot 
plant maintenance foreman needed im- 
mediately Midwest university. Ex- 
perience—at least years main- 
tenance production-type woodwork- 
ing machines. Education—high school 
better. Benefits—full time employ- 
ment, 30-days vacation, retirement 
plan, 5-day week. Salary—$5,000 
$6,000 start. 


Employment Wanted 


(Experienced Persons) 


No. 302—Radio frequency heating 
sales engineer seeks similar position 
West Coast. 1936 graduate 
from Rugby 
College Technology, England. Cur- 
rently located Vancouver, C., age 
45, single. 


No. 307—1950 Forestry graduate 
the University Toronto seeks 
position forestry engineer West 
Coast Canada. Has had 
over years experience, plus year 
schooling civil engineering. Age 
28, married. 

No. 313—Hardwood plywood gen- 
eral foreman seeks advancement his 
field. Has M.F. degree. Desired salary 
—$7,500. Has had experience 
wood technologist, quality control 
technician, plywood fore- 
man, and supervisor. Veteran. Age 43. 


No. 314—Lumber inspector, grad- 
uate the National Hardwood Lum- 
ber School, Memphis, Tenn., desires 
Inspector-Buyer position Pennsylva- 


PLANT MANAGER 
WANTED 


Immediate opening hardwood 
products mill employing 150 located 
Maine. Production management 
and bolt sawmill experience neces- 
sary. Comprehensive 
ance and Write 
particulars background and 
experience. 


Forward answers 
Employment Service 
Forest Products Research Society 
Box 2010, 
University Station 
Madison Wisconsin 
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RAMBO 
INDUSTRIAL PLANT ENGINEER 
Specialist 
Furniture Woodworking Plants 
Sawmills, Veneer Plants 


Paper Mill Wood Rooms 
Hard Board Plants Wood 
Preserving Plants 
Design, Supervision Construction 
Reports Surveys 


Loyalty Portland Ore. 


nia area. Prefers traveling. Will relo- 


cate. Age 28. 


Employment Wanted 
(Recent College Graduates) 


No. State College grad- 
uate with major Timber Industry 
seeks position forest product indus- 
try fields selling, buying, pro- 
perience with USFS and logging 
engineering crewman Northwest. 
Interested training program. Pre- 
fers Midwest, but will locate any- 
where. Veteran. Age 24, single. 

No. 296—Wood technologist seeks 
job research, teaching, produc- 
tion starting October. Has B.S. and 
M.F. degrees from Duke and has 
been doing graduate work 
State College Forestry. Experience 


obtained several wood products labo- 


ratories. Would like locate Ohio 
neighboring states. Veteran, age 28. 

No. 297—Seeks job 
production Northwest. Has just 
graduated from Michigan State Col- 
lege with major Wood Technology. 

No. 304—September 1955 gradu- 
ate Pennsylvania with 
M.F. Wood Utilization and minor 
Industrial Engineering will 
available October for position 
furniture plywood production. Wil- 
ling locate anywhere. Veteran, age 
26, single. 

No. 305—August 
vania State graduate with M.F. 
Wood Utilization and minor In- 
dustrial Engineering, seeks position 
production management quality con- 
trol. Available September Will 
anywhere. Veteran, years old, 
single. 

No. 283—Desires position the 
wood products industry. 1951 grad- 


uate State New York with 


B.S. conversion and distribution 
forest products. Currently finishing 
tour active duty the Air Force. 
Will available September. Has 
experience forestry, dry kiln and 
flooring mill work. Age 26, single, 
willing locate anywhere. 
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1947—Vol. I—UTILIZATON, ENGINEERING, PRESERVATION, SEASON- 
ING. papers, 344 pp. 


Articles cover: whole wood fiber manufacture; lignin chemistry; processing 
pine gum; paper and plastic overlays for veneer and plywood; integrated 
utilization; trends logging; pulpwood logging developments eastern 
Canada; building codes postwar wood construction; engineering prob- 
lems prefabricated homes; postwar packaging field; functional furniture; 
postwar woodworking glues; metal wood bonding; high frequency 
woodworking; wood finishing; the use car treated lumber; fence posts; 
untapped market for the wood preserver; acid-proofing wood; the 
artificial seasoning wood vapor organic chemicals; kiln design; 
tungsten carbide developments; and tight cooperage plywood. Regular 
price $6.00 Now $3.00 


1948—Vol. FIBER PRODUCTS, BARKING, FINISHES, 
MACHINERY, HEATING. papers, 500 pp. 


Articles cover: economics wood-waste utilization; losses Redwood 
logging; small log gang sawmill; utilization low-grade hardwood lumber; 
wood-distillation industry; sawdust carbonization; animal feeds from wood 
residue; small wood briquetting machine; special machines for utilization 
waste slabs for glued core stock; interior trim from wood waste; wood- 
fiber production with revolving disk mills; effect some manufacturing 
variables the properties fiberboard prepared from milled Douglas-Fir; 
small hydraulic log barker; mechanical methods bark removal; studies 
the chemical composition bark and its utilization for structural 
boards; research industry laboratories; history furniture finishes; 
finishes resistant and acids; low-bake synthetic finishes; simple 
testing methods for finishers; planning floor space for woodworking equip- 
ment; maintenance and operating practices for tungsten carbide tools; 
preparation wood surfaces prior finishing; dielectric heating; high 
frequency heating glues; dielectric heat seasoning wood; electronic edge- 
gluing lumber; edge-gluing engineering and production systems; radio- 
frequency tooling; carbonization Douglas-Fir sawdust; wood flour; syn- 
thetic board materials used core stock; precision surfacing wood; 
electronic heating; basic tests for plywood; spiral-veneer drums and tubes; 
and millwork preservatives. Regular price $8.00 Now $4.00 


1949—Vol. MATERIAL, FURNITURE, PLYWOOD, UTILIZA- 
TION, GLUES, SEASONING. papers, 607 pp. 


Articles cover: more wood per acre; integrated wood utilization Crossett; 
harvesting sawlogs; portable wood chippers; wood fibers from veneer waste; 
small permanent-type sawmills better forest utilization; pulpwood han- 
dling the Lake States; tropical wood research for the furniture indus- 
try; effect plywood glue lines the accuracy moisture-meter indi- 
cations; No. common Northern hardwood lumber for mechanized proces- 
sing into glued products; cut stock from western softwoods; assembly 
material furniture manufacture; supplementing wood with metal 
furniture manufacturing; extending hot press urea resin with wheat and 


your library FPRS publication incom. 
plete? Have you but recently joined the FPRS? 
Here your chance purchase library in- 


formation wood important savings you! 


our publications and are able offer surplus 


Proceedings you 50% reduction. 
Order one book complete set. 


The contents each volume 


below. These papers represent the choice papers 


presented each year since 1947 our 
National Meeting. 


rye flour; furniture finishes; lumber core panels; rotary 
molding plywood; insert-point circular headsaws; ills besetting the fumi- 
ture industry; utilization Redwood bark; utilization 
liquor concrete; semichemical pulping; dry-formed boards bonded with 
resins; wood, plywood and hardboard; compreg—resin-treated densified 
wood; wood preservatives; wood boring beetles; ignition temperatures 
fireproofed wood, untreated sound wood; and untreated decayed 
wood waste disposal and air pollution control the Los Angeles area; 
pulp pollution; chemical composition Ponderosa and Pine 
barks; lumber recovery from Douglas Fir logs British Columbia; resin 
adhesives; development working stresses for stress-grade lumber; design 
and performance laminated wood trusses; glued laminated wood; glued 
laminated Wej-weld frames; radio frequency heating; basic stresses for 
wood; creep tests Douglas Fir; durability wood working glues for 
dwellings; radio frequency problems furniture 
cance research industry; research and creative business management; 
technical development for the small company; selecting balsa high 
tensile strength; forest products research Michigan; direct gas-fired 
kilns; quality control and seasoning; longitudinal shrinkage softwoods; 
collapse aspen lumber; control wood-boring insects green logs and 
lumber; and stain, mold, and decay green lumber. Regular price $8.00 
Now $4.00 


CONTAINERS, QUALITY CONTROL, PLY- 
WOOD. papers, 506 pp. 


Articles cover: quality second growth Douglas Fir; grading problems; 
quality control and the improved seasoning processes the Redwood indus- 
try; saw teeth action; lumber research meet modern 
hardwood log grading; recent developments wirebound containers; 
method utilizing and fabricating waste lumber; tests strapped and 
lightweight lettuce crates; recent developments containers; 
fibrous raw materials; utilization low-grade hardwoods 
relation between wood and pulp properties; power vs. hand and 
bucking the logging operations; handling pulpwood; quality 
sawmill operations; hardwood plywood quality control; quality 
furniture production; defect detection equipment; non-destructive 
forest products; impregnation wood with solid metal alloys; 
boost gluing production; wood waste the Douglas Fir region. fun- 
damental glue line properties thin veneer laminates; 
preservatives forest products; decay resistance plywood with 
various glues; gelatinous fibers and their effect upon properties hard- 
wood species; hardboards from wood—semi-dry process; from 
hardwood; small plant set-up for insulation and hardboard 
consolidated products from wood residues; the marketing wood 
board; Douglas Fir bark hardboard; resin 
tion for hardboard manufacture; the effect molding temperature the 
strength and dimensional stability hardboards from 
soaked Douglas-Fir chips; Douylas Fir substitutes for the British 
plywood industry; the manufacture pine veneer; gluing 
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sending your order and remittance 
now will send you your selection volumes 
post paid extra charge you regardless 


you are located the U.S. overseas! 


All volumes from are attrac- 
tively bound durable green cloth covers. From 
1952 on, they come stiff-paper covers. 


complete FPRS Library Set, 
$61.00, can purchased for only 
$30.50, post paid! Contained these Pro- 
ceedings volumes are 358 articles with over 
2,000 pages information covering just about 


every aspect forest products research and 
development. 


industry trends; plastic surfaced Douglas Fir plywood; exterior plywood 


performances; and softwood plywood market. Regular price $8.00 
Now $4.00 


1951—Vol. MACHINING, PRESERVATION, UTILIZATION, 
GLUES, KILN DRYING. papers, 400 pp. 


Articles cover: circular sawmills the Tennessee Valley region; quality 
control lumber manufacture; gangsaws the manufacture southern 
pine lumber; tropical hardwood production; logging and military equip- 
ment availability; defense and the availability woodworking equipment; 
the importance wood the mobilization program; mobilization require- 
ments for technical men the woodworking industry; lumber conservation 
military procurement and container design; military requirements for 
wood packaging; wood requirements for specialized military uses; the 
place small business the military procurement program; marine lam- 
inating; selecting White Oak for bending lumber; machinability studies; 
carbide cutting tools the wood industry; carbides; fire retardant treated 
lumber; wood preservation with particular reference creosote; what the 
furniture industry expects from college-trained men; the scope and objec- 
tives college training; graduate training forest products technology; 
on-the-job training program for technical employes; high quality chemi- 
ground wood pulps; first chemical pulp utilization the State Califor- 
nia; wood waste the manufacturing chemical pulps; new fiber boards 
made with non-critical binders; effect storage slash pine pulpwood 
sulfate and groundwood pulp quality; deterioration southern p.ne 
pulpwood during storage; fuelwood stick form; chipped wood for fuel; 
wood fines gravity feed stoves; wood and coal firing multiple fuel 
furnaces; briquets from sawdust, bark and other waste; wood fuel; tests 
and properties tropical woods; characteristics second-growth and old- 
growth Redwood; fatigue wood and glued joints used laminated 
construction; evaluating wood preservatives; the chemical composition 
eight tropical woods; controlling glue bond quality; machining, handling, 
flow materials and control gluing; research electronic wood gluing; 
how formulate modern dry kiln schedules; characteristics Brazilian 
Parana Pine; and nails and screws wood assembly 
Regular price $10.00 Now $5.00 


FIBERBOARD, FURNITURE, BARKING, FINISHING, 
CONSTRUCTION, VENEER AND PLYWOOD. papers, 348 pp. 


Articles cover: research and the future the millwork industry; forest 
Products research home fabrication; the package handling lumber; 
modern handling retail lumber yard; utilization wood hydrolysis 
with dilute sulfuric acid; chemical utilization wood waste; wood waste 
core materials for high pressure laminates; physical and mechanical prop- 
erties wood waste board; utilization resinous wood hardboard; 
lumber unloading facilities; kiln drying and moisture control furni- 
ture factory; gluing control furniture factory; plastic wood laminates; 
what can for the woodworking industry; portable barking equip- 
ment; hydraulic barking; surface checking furniture panels; finishing 
wood cabinet units; synthetic resins furniture finishing; lacquer 
systems: hot spray lacquer; trends house construction; design and 


Box 2010, Univ. Station, Madison Wis. 


PRODUCTS JOURNAL 


development non-loadbearing partitions; effect construction techniques 
the cost frame wall construction; lightweight prestressed wood arches 
roof construction; how often should house painted; use tropical 
woods veneer and plywood; soaking and steaming peeler logs; hard- 
wood veneer drying; giueline-cleavage test; continuous moisture detection 
lumber; elasticity small wood beams; chemical 
brown stain Sugar Pine; chemical composition tropical woods; 
Southern Pine sprayed with fluoride solutions; forest utilization the 
Southwest; two modern wood preservatives; and laminated lumber from 
low-grade hardwoods the continuous glue press process. Regular 
price $7.00 Now $3.50 


CONTROL, GLUES, UTILIZATION, PACKING MATE- 


RIALS, FINISHING, FIBER PRODUCTS, MACHINING. papers, 
288 pp. 


Articles cover: statistical methods and the modern quality control pro- 
gram; statistical methods the thickness control lumber core panels; 
quality control furniture manufacture; effective quality control; statistical 
quality control the drying lumber; production gluing; gluing 
preservative-treated oak for severe service conditions; techniques for bond- 
ing metal and plastics wood; amino resin adhesives and binders; dur- 
ability woodworking glues; pulp and paper; tools for hardwood utiliza- 
tion; outlook for the utilization mesquite; wood Gulf Coast chemi- 
cal plant; delignification Spruce sawdust with chlorine dioxide; commer- 
cial potentialities chemical utilization wood; basic design data for 
solid fiber-board shipping containers; research the packaging field; wood 
fiber felts for protective packing; cravaneer used the packaging field; 
ply-veneer shipping containers; the absorption water, swelling and solu- 
bility free films paint; preparation wood for finishing; factors 
affecting the integrity furniture finish; theory and technique 
application; comparison European and American finishes; potential 
raw material supply for wood fiber products; Ponderosa Pine woodwork 
residues—dry process hardboards; Douglas Fir slabs, edgings and bark— 
wet continuous process hardboard; chipcore; hardboard pilot plants; 
designing cutterheads for maximum production; tungsten carbide can 
increase production; tungsten carbide tipped woodworking tools; high 
speed production flooring; absorption and distribution chemicals 
Pine posts treated double diffusion; the air seasoning California Red- 
wood; kiln drying Water and Swamp Tupelo; and relocatable housing. 
Regular price $7.00 Now $3.50 


1954—PACKAGING, FIBER PRODUCTS, MACHINING, DRYING, GLUES, 
FINISHING, QUALITY CONTROL. papers, 300 pp. 

Articles cover: recurrent types damage furniture shipments; require- 
ments for good furniture packaging; testing furniture assure good 
delivery; handling small parts pallet boxes (inter and intra plant 
shipping); preservation and packing automotive vehicles and components 
for export shipment; plastic surfaced composition board home and 
school furniture; particle size and shape the strength and dimensional 
change properties resin bonded wood particle panels; general purpose 
and decorative pressed wood boards dry process; 
from resin bonded granulated wood; extruded composition board; wood 
planers; machining tests wood with the molder; wood machining research 
with high speed motion pictures; research machining wood with 
coated abrasives; the effect rays the differential shrinkage Red 
Oak; steam consumption in the kiln drying of western softwoods; improv- 
ing the thermal dry kilns; high-temperature drying; alleviat- 
ing bow and crook Southern Yellow Pine dimension with chemicals; high 
temperature seasoning Canada; the bonding characteristics melamine 
fortified ureas; designing with glued wood constructions; production gluing 
high strength joints; advances polyvinyl acetate glues for wood- 
working; evaluation of glues and glued products; gluing pressure-treated 
wood with penacolite adhesives; application impreg for die models; 
product liability; Canadian Standard Specifications and National 
Building Code; wood chemical engineering; natural finishes for 
exteriors houses; evaluation floor finishes; force drying wood finishes; 
ovens for forced drying wood finishes; testing finishing materials for 
woodwork; the human angle quality control; translating quality control 
facts into action; applications some statistical quality control techniques 
the manufacture veneer and plywood; dimensions and tolerances for 
machined furniture parts; and survey grades the hardwood plywood 
industry. Regular price $7.00 Now $3.50 
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Williams Patent Crusher Pulverizer Co. 


WATER REPELLENT, 
PRESERVATIVE 


CONTAINING 


PENTAchlorophenol 


—the quality water repellent preservative. 


Here’s the finest protection wood can have... 
WOODLIFE—the original water repellent wood 
preservative. Effectively protects against water 
and moisture absorption, fungus decay, swelling, 
shrinking, warping, checking, grain raising, ter- 
mites and insects. WOODLIFE actually exceeds 
the requirements the Preservative Minimum 
Standards the National Woodwork Manufac- 
turers’ Association and meets the specifications 
set-up several departments the Federal 
Government and Armed Forces. Here’s the finest 
protection wood can have! 


Send today for the informative folder, 
PRESERVATION WITH which 


gives test data along with suggested specifications 


MANUFACTURING COMPANY 
Since 


Dept. 


Gives 100% inspection moving veneer, lumber, core ard 
dimensional stock, paper, fibreboard and related 
Automatically rejects any material outside the proper moisture 
Eliminates poor glue bonds, warpage, splits, 
change and other moisture-induced Dryer 
may adjusted peak performance. production 
machine, Laucks gives continuous and highly 
curate control—permits safe speed-ups through entire 
tion cycle. Write TODAY for free brochure. 


LAUCKS LABORATORIES INC. 
1201 Poplar Place Seattle 44, 


LEADER WOOD TECHNOLOGY FOR 


Kalamazoo, Michigan 


AUGUST, 
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LAUCKS 
Gi 


276 


REDUCED COST FITTING 
SANDING OPERATION 


SUBSTANTIALLY IMPROVED 

QUALITY MOULDING WORK 
FOR 

IMPERIAL FURNITURE COMPANY 


MATTISON 276... 


IMPERIAL FURNITURE COMPANY 


GRAND RAPIDS-2-MICHIGAN 
(On 


March 1953 


Machine Works 
Rockford, 


Gentlemen: 


Early this year, installed one your 276 
High Speed Electric thought you 
like know how are getting along with this 


Here Imperial, manufacture camplete line 
high grade tables, and the moulder work must nearly 
perfect reduce our sanding and fitting 
With the addition this Mattison 276, 
the quality our moulded work has improved substantially 
while our costs have gone down. 


Our operators find this Mattison No. 276 very easy 

set up, due the accessibility all the adjustwents 
and controls. Vertical and cross adjustments of the cutter- 
heads are made positively and quickly, and the hand locking 
wrenches which are attached the machine simplify setting 
the Another feature that put", 
which doubt due the rigid construction, precision 
manufacture, and advenced engineering design. The outboard 
bearings vibration heavy cuts, and believe 
high speed moulder spindle should have 
earing. 


are confident that this machine will continue 
perform efficiently for great many 


Stays put 


Yours very truly, 


IMPERIAL 

A. F. Christy 
Plant Manager 


Vertical and cross adjust- 


ment Cutterheads are 
made quickly and positively 


Outboard bearings 
nate vibration heavy cuts Imperial Furniture Company’s reputation 


for building high quality line tables 
Attached wrenches simplify 


good measure due precise fabrication meth- 
setting guides 


ods which insures consistently accurate re- 
sults and proper fitting all parts. Mr. 
Christy, Plant Manager Imperial, has been 
around the woodworking industry for good 
many years and knows what wants and has 
have the way production and accurate 
results. The above letter telling his experience 
with the Mattison 276 Moulder example 
what this machine doing for good many 
others. For complete information the Matti- 
son 276 High Speed Electric Moulder, ask 
send you our latest free circular. 
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Increased capacity our factory makes possible offer 
immediate delivery certain famous presses. 


Four models with specific pressure 200 
PSI over entire platen area 


These Fjellman American Hydraulic Hot Plate presses 
are ready help current production problems fit 
into your long-range expansion plans. Forty years 
manufacturing leadership, finest Swedish steel throughout, 
American instruments, castings, box type frame. 


Auto Endloading Hydraulic Hot Plate Press 
openings. 

Endloading Hydraulic Hot Plate Press 
openings. 

Sideloading Hydraulic Hot Plate Press 
openings. 


Sideloading Hydraulic Hot Plate Press 


48 9 
openings. 


Write for engineering and installa- 
tion details and costs these 
openings, platens 24’, pres- 
sure ranges 80-4000 PSI. See how 
Fjellman engineering can cut pro- 
duction hours your plant. 


GE 
FJELLMAN 
. 
j 
| 
. 


